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SUP PLEMENTARY  ENGINEEiUNG  DATA 


This  section  of  the  ODER  contains  background  data  used  In  the  developoent  of 
the  physical  and  technical  design,  as  well  as  plant  costs  and  schedules, 
presented  In  the  previous  sections. 

Included  Is  a listing  and  discussion  of  major  issues  covering  materials, 
components,  systems,  and  techniques  which  could  influence  the  final  ETF 
design.  Studies  have  been  performed  for  some  of  the  more  significant  issues 
and  are  contained  in  Section  5.2.2.  Also  included  are  outlines  of  plans  for  a 
performance  assurance  program  and  to  perform  an  environmental  analysis  for  the 
chosen  site. 

Detail  design  information  for  the  various  systems  which  comprise  the  ETF 
design  is  contained  in  the  System  Design  Descriptions  in  Section  5.5. 
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5 . 1 ISSUES 

During  the  development  of  the  conceptual  design  for  the  IfflD-ETF,  certain  areas 
(issues)  were  Identified  as  lacking  sufficient  definition  due  to  the 
developmental  nature  of  the  ETF  project.  Each  area  was  evaluated  to  determine 
its  intact  on  the  ETF  design  and  possible  options  and  specific  reoc^Bmendations 
were  developed.  The  results  of  these  evaluations  have  been  tabulated  into  a 
list  of  issues  for  the  CDER. 

The  Issues  List  is  included  as  an  attachment  to  this  section  of  the  CDER.  A 
summary  of  the  contents  of  this  list  is  provided  as  follows: 

Issue  No.  Description  Sheet  No. 

1 Replace  Steam  Turbine  1 

Drives  with  Electric  Motor  Drives 

2 Development  of  ETF  Compatible  1 

High  Technology  Conponents 
(Interface  Compatibility) 

3 Part  Load  and  Transient  2 

Analysis 

4 ETF  Instrumentation  and  Control  2 

5 Thermal  Growth  of  Large  2 

Equipment  and  Piping  During 

Plant  Operation 

6 Electrical  Isolation  3 

7 Alternate  MHD  Power  Train  3 

Cooling 

8 Seed  Injection  3 

9 Equipment  Redundancy  4 

10  Utilization  of  By-Product  4 

Gases  and  Secondary  Waste  Heat 

1 1 ETF  Heat  Balance  Improvement/  4 

Optimization 

12  Coal  Drying  Assessment  5 

13  Recycle  Seed  5 
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5.1 


(Cont'd) 


Issu«  No. 

Descriotion 

Sheet  No 

14 

liN>act  of  New  Magnetic  Field 
Exclusion  for  Personnel  Access 

5 

15 

Alternate  Methods  of  Qiannel 
Replaoeaent 

6 

16 

Secondary  Flue  Gas  Ductwork 

6 

17 

Envlroncental  Analysis 

6 

18 

Perforoanoe  Assurance  Prc^ram 
Plan 

7 

19 

Facility  Cost  Analysis 

7 

20 

MHO  Electrical  Power  Distribution 

7 

21 

Malfunction  Analysis 

7 

22 

Seed  Reprocessing 

8 

23 

Utilization  of  Channel  End 
Regions 

8 

2k 

Multidimensional  Channel  Analysis 

8 

25 

Channel  Mach  Number 

9 

26 

Power  Train  Testing 

9 

27 

Regenerative  Combustor  Cooling 

10 
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NASA  MHO-cTF  CON 
ETF  ENGINEERING  SI 


ISSUES 


j 

ISSUE 

DESCR 1 PT 1 ON/BACKGROUND  1 NFORMAT 1 ON 

IMPACT  ON  ETF  DESIGN 

1 

01 

NO. 

1 

Replace  Steaa  Turbine  Drives  with 

o Improve  plant  efficiency 

o Maintain  ate 

Electric  Motor  Drives 

o Adopt  standard  main  steam  turbine 

oxygen  plant 
drives  and  < 

generator  design 

culty  involi 
custom  desl[ 

o Eliminate  custom  design  steam 

turbine  gem 

turbine  drives 

required 

0 Simplify  plemt  arrang<H&ent 

0 Facilitate  plant  startup 

with  electric  motor  drives 

» 

2 

Developnent  of  ETF  Compatible  High 

o Incompatibility  with  balance  of 

• 

s 

0 Redesign  bal 

Technology  Components  (Interface 

plant  and  other  high  technology 

systems  to  t 

Compatibility) 

systems  may  force  redesign  to 
ensure  compatibility 

high  technol 

0 Resize  the  1 

0 Scaling  to  ETF  size  could  produce 

to  be  consifl 

design  problems  that  had  not  been 

scale  at  wha 

considered,  which  in  turn  could 

technology  4 

result  in  potentially  prohibitive 
problems  for  the  ETF  design 

being  develd 

0 Scaling  of  ETF  to  produce  com- 

patibility with  high  technology 
components  could  compromise 
ability  to  realistically  scale 
from  ETF  to  commercial  power 
plant  size 

1 

1 

3 

-1 
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IHD-ETF  CONTRACT  DEN  3-224 
IINEERING  SUPPORT  ACTIVITIES 
ISSUES  LIST 


OPTIONS 

o Maintain  steam  turbines  as 
oxygen  plant  compressor 
drives  and  determine  diffi- 
culty Involved  In  procuring 
custom  design  main  steam 
turbine  generator  currently 
required 


RECOMMENDATIONS 


0 At  least  replace  boiler  feed 
pump  steam  turbine  drives  by 
constant  speed  electric  motor 
drives 

0 Constant  speed  electric 
motors  should  be  substituted 
for  steam  turbine  drives  for 
oxygen  plant  compressors 

o Part  load  heat  rate  and 
plant  transient  response 
should  be  determined  with 
constant  speed  electric 
motor  alternatives 

o Control  methods  for  oxygen 
plant  compressors  should  be 
verified  and  optimized  with 
drive  alternatives 


6AI  REF.  NO.  031-296-201 
SHEET  NO.  1 
REVISION  1 

date  9-25-81 

REMARKS 


o Swltoh  to  all  eleotrlo  drives 
will  produce  a major  change  to 
heat  and  mass  balance  diagram 

o Preliminary  analysis  of  Impact 
on  design  point  performance 
Issued  In  GAI  report  Engineering 
Study  201(3),  (GAI  Ref. 

Ko.  120-195-201) 


0 Redesign  balance  of  plant 
systems  to  be  compatible  with 
high  technology  components 

0 Resize  the  ETF  power  output 
to  be  consistent  with  the 
scale  at  which  the  high 
technology  components  are 
being  developed 


o Attention  should  be  given 
by  the  component  developers 
regarding  how  design  para- 
meter selection  will  fit 
Into  the  Integrated  plant 
design 

o Single  person/group  should 
coordinate  the  development 
of  high  technology  components 
to  ensure  compatibility  when 
integrated  into  one  power 
cycle 


■L. 
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NASA  MHD-ETF  CONTi 
ETF  ENGINEERING  SUl 
ISSUES  1 

ISSUE 

NO. 

DESCR 1 PT 1 ON/BACKGROUNO  1 NFORMAT 1 ON 

IMPACT  ON  ETF  DESIGN 

Of 

3 

Part  Load  and  Transient  Anal^ls 

0 Results  of  analysis  will  contribute 
to  the  steady  state  and  transient 
control  logic  definition  and 
InstruBentation  requirements 

o Results  will  also  help  define 
Impact  that  upset  conditions  will 
have  on  equipment,  leading  to 
definition  of  control  steps 
required  to  protect  the  plant 

•i 

; 

0 Results  will  define  part  load 
operating  parameters  which  will 
contribute  to  the  equipment 
selections  for  base  load  opera- 
tion and  standby  units 

j 

4 

ETF  Instrumentation  and  Control 

0 Proper  instrumentation  and  control 
logic  required  to  protect  person- 
nel and  equipment  from  transient 
perturbations 

0 Need  to  have  adequate  control  to 
efficiently  operate  the  plant  and 
to  optimize  equipment  cyclical 
lifetime 

0 Specify  the  a 
I&C  througho^ 
system  and  ad 
community"  wf 
ment  ready 

o Control  equipment  will  have  major 
Impact  on  design,  safeguards,  and 
redundancy  of  major  systems 

5 

Thermal  Growth  of  Large  Equipment 
and  Piping  During  Plant  Operation 

1 

0 Lack  of  accommodation  for  thermal 
growth  could  seriously  damage 
equipment 

tUl^DQUT  FRAf«rK 


IHD-ETF  CONTRACT  DEN  3-224 
SiNEERING  SUPPORT  ACTIVITIES 
ISSUES  LIST 

GAI  REF.  NO.  031-296-201 
SHEET  NO.  2 
REVISION  1 

DATE  9-25-81 

OPTIONS 

RECOMMENDATIONS 

REMARKS 

0 Conduct  a part  load  study  to 
define  steady  state  and 
transient  operating  parameters 
for  the  ETF 

1 

0 Load  following  of  topping 
to  bottoming  cycle  must 
be  oharaoterised 

0 Review  malfunction  analysis 
established  In  Issue  No.  21 
to  determine  systma  opera- 
tional lliBlts  and  responses 

o Establish  startup  and  shutdown 
procedure 

■ 

0 Conduct  study  as  to  system 
response  to  fuel  flow  change 

0 specify  the  requirements  of 
I4C  throughout  the  ETF  power 
system  and  assume  the  "MHD 
community"  will  have  equip- 
ment ready  when  needed 

0 Review  the  plant  Instru- 
mentation and  control  systems 
to  develop  a system  that  can 
safely  and  efficiently  control 
the  plant  operations,  Including 
the  detection  and  control  of 
malfunctions,  as  established  In 
Issue  No.  21 

0 Topping  side  major  subsystems 
fall  Into  similar  oategorlea 
of  uncertainty  regarding  I&C 

0 Review  of  MHD  power  train 
equipment  should  be  conducted 
to  ensure  adequate  arrange- 
ments for  thermal  growth 

0 Consideration  has  been  given  to 
the  problem  but  no  speoiflo 
design  analyses  have  been 
accomplished 

0 The  technology  of  the  balance 
of  plant  equipment  has  been 
established  and  thermal  growth 
problems  are  known  but  Inter- 
facing with  the  high  technology 
components  should  be  reviewed 
to  account  for  thermal  growth 

NASA  MHO-ETF  CONTI 
ETF  ENGINEERING  SUI 
ISSUES 


ISSUE 

NO. 


OESCR I PT I ON/BACKGROUND  I NFORMAT I ON 


6 


Eleotrloal  Isolation 


o 


0 


IMPACT  ON  ETF  DESIGN 


OP 


2 

1 R losses  may  be  large 


0 Review  advan 
ing  at  diffv 


Laok  of  adequate  isolation  could 
be  dangerous  to  personnel 


o Protection  of  isolation  interfaces 
during  transient  and  drop  loads 
may  be  necessary 


7 


Alternate  HHD  Power  Train  Cooling 


EOLDOUT  FRAME 


0 Switching  from  feedwater  cooling 
of  combustor,  channel,  and 
diffuser  to  some  alternate  may 
Introduce  more  system  losses 

0 Separate  closed  cooling  loops 
with  auxiliary  heat  sinks  o&n 
offer  improved  cooling  control 
of  MHD  components  during  upset 
conditions  and  during  normal 
part  load  operation 


o Review  varie 
of  feedwater 
ing  systems* 
compromise  R 
cooling  syst 
blnatlon  of 
closed  cooll 


o Feedwater  polishing  equipment 
and  piping  for  main  feedwater 
stream  can  be  reduced 

o Separate  cooling  loops  would 
Isolate  MHD  power  train  from  main 
feedwater  stream,  providing  more 
flexibility  to  maintain  MHD  power 
train  components  while  preserving 
feedwater  system  Integrity 


8 


Seed  Injection 


0 Improper  seed  injection  could 
produce  a nonhomogeneous  seed 
flow,  upsetting  the  channel 
operation 


0 Slurry  (wet 
has  been  da 


o Inadequate  monitoring,  control, 
and  feedback  coordination  with 
fuel  and  oxidant  can  Impair 
proper  plant  control 


■HD-ETF  CONTRACT  DEN  3-224 
ilNEERING  SUPPORT  ACTIVITIES 
r ISSUES  LIST 

GAI  REF.  NO.  031-296-201 
SHEET  NO.  3 
REVISION  1 

date  9-25-81 

OPTIONS 

RECOMMENDATIONS 

REMARKS 

0 Review  advantages  of  isolat- 
ing at  diffuser  end 

0 In  depth  engineering  study 
of  electrical  isolation  should 
be  conducted  including  effects 
of  slag,  seed,  and  coal  flow 

0 Effects  of  malfunction  analy- 
sis, Issue  No.  21,  should  be 
considered 

0 Need  for  isolation  has  been  set 
but  deslffi  work  not  initiated. 
Current  design  suggests 
Isolation  of  the  oombustor 
and  eleotrio  ground  at  the 
diffuser 

; 0 Review  various  combinations 
of  feedwater  and  closed  cool- 
ing systems.  May  produce  a 
compromise  MHD  power  train 
cooling  system  that  is  a com- 
bination of  feedwater  and 
closed  cooling  loops 

0 Impact  of  alternate  cooling 
schemes  on  plant  performance, 
cost,  and  complexity  should 
be  reviewed 

0 Closed  loop  channel  oooling  has 
been  evaluated  for  the  TOOK 
rating  point  in  a GAI  report 
unnuBbered,  (GAI  Ref. 

No.  040-086-001) 

1 

1 

1 

fOU)OUT  frame  ^ 

i 

o Slurry  (wet  seed)  injection 
has  been  demonstrated 


0 Design  and  demonstrate 
the  pressurized  seed  feed 
hopper  and  seed  injection 
system 

0 Design  of  screw  conveyors, 
receiving  hoppers,  metering 
bunkers  and  pulverizers  should 
be  started  with  emphasis  on 
seri  flow  measurement  and 
control 


o Dry  injection  into  an  MHD 
combustor  has  not  been 
demonstrated  under 
prototype  conditions 

o Wet  seed  injection  may  reduce 
plant  efficiency 

o For  further  data  review  the 
GAI  report  Engineering  Study 
304,  (GAI  Ref.  No. 
081-386-304) 
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ISSUE 
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OESCR 1 PT 1 ON/BACKGROUND  1 NrORMAT 1 ON 

IMPACT  ON  ETF  DESIGN 

OP 

9 

Equipment  Redundancy 

0 Not  having  adequate  redundancy  cr 
alternate  operaticnal  procedures 
could  reduce  plant  availability, 
compromising  objectives  of  ETF 

0 Lack  of  adequate  redundancy  on 
certain  components  could  produce 
plant  upsets  with  potential  to 
damage  critical  equipment 

0 Economic  trad! 
conducted  to 
in  providing 
are  3 50|  or 
units  more  ee 
tniild  in  redu 

0 Alternate  mo< 
e.g.  oxygen  1 
storage  ooul< 
into  plant  t4 
danoy  in  llei 
multiplicity 

10 

Utilization  of  By-Product  Gases  and 
Secondary  Haste  Heat 

0 Increased  utilization  of  nitrogen 
as  transport  gas,  drying  gas, 
inerting  gas,  etc.  would  allow 
increased  use  of  flue  gas  for 
steam  cycle  heat  addition 

0 Recovery  of  secondary  waste  heat 
would  reduce  load  on  cooling 
tower  system  and  provide  more 
heat  to  steam  cycle 

0 Complexity  of  plant  may  be 

Increased  as  attempts  are  made  to 
use  by-product  streams  heat  and/or 
mass  flow 

0 Implementatlc 
streams  mass 
would  be  pre< 
off  of  cycle 
versus  incro( 
plexlty  and  ( 

0 Where  high  1< 
exist  in  wasi 
piaup"  techno! 
used  to  brin 
"high  grade" 

o Improved  bottoming  cycle  and  o Incorporate  1 

plant  efficiencies  performance  i 

the  economio 

o Bottoming  cycle  configuration  warrants 

more  like  conventional  power 
plant 

o Refine  heat  and  mass  balance 
tUt^UUT  FRAME  / reflect  data  fron  hi^ 

I technology  components  design 

studies  and  from  more  detailed 
review  of  the  balance  of  plant 
systems 


11  ETF  Heat  Balance  Improvement/ 
Optimization 


IlHD-ETF  CONTRACT  DEN  3-224 
piNEERING  SUPPORT  ACTIVITIES 
1 ISSUES  LIST 

6AI  REF.  NO.  031-296-201 
SHEET  NO.  4 
REVISION  1 

DATE  9-25-81 

1 OPTIONS 

RECOMMENDATIONS 

REMARKS 

p Boonoalo  tradeoffs  should  be 

■ oonducted  to  optindze  approach 
1 In  providing  redundancy,  e.g. 
1 are  3 50$  or  2 100A  rated 

■ units  more  eooncmlcal  way  to 

■ build  in  redundancy 

0 Review  ETF  design  to  ensure 
that  appropriate  equipment  is 
redundant  to  protect  critical 
plant  components  and  provide 
required  availability 

0 Equipment  redundancy  should  be 
integrated  with  Instnaentation 
and  Control  studies.  Issue 
No.  3»  since  redundant  equipment 
selections  can  be  influenced  by 
I&C  requirements 

lo  Alternate  modes  of  operation, 
I e.g.  oxygen  from  liquid  O2 

■ storage  could  be  designed 

■ into  plant  to  provide  redun- 

1 dancy  in  lieu  of  incorporating 
1 multiplicity  of  units 

0 Malfunction  analysis,  Issue 
No.  21,  will  help  to  establish 
minimum  redundancy  requirements 
for  equipment 

1 0 Implementation  of  by-product 
1 streams  mass  flow  and  heat 

1 would  be  predicated  on  trade- 
1 off  of  cycle  performance  gain 
1 versus  increased  plant  com- 

1 plexity  and  cost 

1 0 Where  high  levels  of  enthalpy 
1 exist  in  waste  streams  '*heat 

pump"  technology  could  be 
used  tc  bring  streams  to 
"hle^  grade"  enthalpy  levels 

0 Review  cycle  configuration  to 
determine  what  application  can 
be  made  of  nitrogen  by-product 
gas  and  waste  heat  sources  in 
plant 

0 Review  for  future  potential 
application  the  cogeneration 
or  regeneration  schemes  that 
may  improve  total  system 
performance 

0 Incorporate  the  potential 
performance  improvements  if 
the  economic  tradeoff 
warrants 

0 Plant  performance  optimiza- 
tion should  be  reviewed  in 
light  of  modification  to 
design  ambient  conditions 
and  new  design  data  from 
both  hl^  technology  systems 
and  balance  of  plant  systems 

FOLDOUT  FRAME 

r 
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NASA  MHD-ETF  CONI 
ETF  ENGINEERING  Sll 
ISSUES  1 

DESCR 1 PT ion/background  I NFORMAT 1 ON 

IMPACT  ON  ETF  OESIGN 

OP 

12 

Coal  Drying  Assessment 

0 Change  to  flue  gas  flow  required 
for  coal  drying  would  increase/ 
decrease  heating  duty  of  L«T. 
economizer  and  ultimately  the 
power  generated  by  steam  cycle 

0 If  alternate  drying  gas  is 
selected  (e.g.  nitrogen),  the 
power  required  to  drive  the  ID 
fan  in  the  Flue  Gas  Discharge 
System  would  increase 

0 Modify  the  f 
required  to  i 
of  updated  d 
design  paraa 

0 Atteny>t  to  11 
by-product  a 
or  waste  hea 
replace  flue 
drying 

13 

Recycle  Seed 

0 Performance  of  the  topping  cycle 
will  be  influenced  to  some  extent 
by  the  chemical,  physical  and 
flow  characteristics  of  the 
recycled  material 

0 The  size  distribution  of  the  seed 
leaving  the  HR/SR  may  be  such  that 
pneumatic  transport  may  be 
difficult 

o Transportation  of  spent  seed  by 
truck  will  provide  operational 
flexibility  but  will  result  in 
high  labor  costs 

0 Continue  to  1 
and  per formal 
through  seed 

0 Install  size 
equipment  at 
the  HR/SR  sp< 

0 Transport  sp< 
by  means  of  i 
pneumatic  o«i 

14 

Impact  of  New  Magnetic  Field 
Exclusion  for  Personnel  Access 

0 Components  requiring  frequent 
maintenance  are  to  be  located 
outside  of  the  0.01  tesla  magnetic 
field  boundary.  This  requi*es 
changes  to  the  ETF  plot  plan  and 
plant  layout  drawings 

^'O^DOUT  frame  j 


o Only  approved  personnel  are  allowed 
within  the  0.0005  tesla  magnetic 
field  bcHindary.  Time  limits  for 
approved  personnel  in  the  various 
magnetic  field  zones  are  specified 
in  the  National  Magnet  Laboratory 
Specification  AM4M2,  Rev.  D. 


r 

[mHD-ETF  contract  den  3-224 
IIGiNEERiNG  SUPPORT  ACTIVITIES 
1 ISSUES  LIST 

1 

6AI  REF.  NO.  031-296-  2 Ot 
SHEET  NO. 5 
REVISION  0 

OATE  3-27-81 

OPTIONS 

RECOMMENDATIONS 

REMARKS 

0 Modify  tho  flue  gas  flow 
required  to  meet  constraints 
of  updated  drying  system 
design  parameters 

0 Review  the  technique  used  for 
coal  drying  to  insure  that  a 
practical,  safe  system  is 
selected  for  the  ETF  design 

0 Attempt  to  incorporate  a 
by-product  stream  mass  flow 
or  waste  heat  to  supplement/ 
replace  flue  gas  for  coal 
drying 

0 Continue  to  base  ETF  design 
and  performance  on  once 
through  seed  flow 

0 Install  size  reduction 
equipment  at  the  outlet  of 
the  HR/SR  spent  seed  hoppers 

0 Transport  spent  seed  on-site 
by  means  of  a mechanical  or 
pneumatic  conveyor  system 

o Carry  out  a chemical  equili- 
brium study  to  establish  the 
composition  of  the  topping 
cycle  flow  stream  for  the 

0 Decide  irfiether  or  not  to 
install  size  reduction  equip- 
ment after  the  HR/SR  has  been 
designed  and  the  physical 
condition  of  its  products 
specified 

0 The  chemical  equilibrium  study 
should  provide  input  data  for  a 
revised  heat  and  material 
balance.  See  issue  11 

0 The  physical  condition  of  the 
seed  may  have  been  an  impact 
on  the  cost  of  seed  dissolution 
(issue  22)  and  on  the  materials 
handling  equipment  selected  for 
recycling  spent  seed 

0 Carry  out  a technical,  environ- 
mental and  economic  study  to 
decide  vdiether  trucks  or 
conveyors  should  be  used  for 
recycling  spent  seed  from  the 
spent  seed  silos 

0 The  GAI  report  Engineering 
Study  304,  (GAI  Ref.  No. 
081-386-304)  may  have  some 
impact  on  Recycle  Seed 

0 The  alternative  plant  layout 
and  equipment  arrangement 
generated  by  the  new  magnetic 
field  exclusion  requirements 
should  be  incorporated  into 
the  EFT  plant  design 

0 Performance  of  the  ETF  plant 
is  not  affected  by  the  new 
magnetic  field  exclusion 
requirements 

0 The  impact  of  the  new  magnetic 
field  exclusion  guidelines  on 
the  ETF  configuration  and 
layout  has  been  evaluated  in  a 
GAI  report  Engineering  Study 
305,  (GAI  Ref.  No.  071-368-305) 

— — - 
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ISSUE 
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DESCR I PT I ON /BACKGROUND  INFORMAT  I ON 


1M 


Impsot  of  Now  Nagnetio  Field 
Exolualon  for  Personnal  Acceaa 


0 


(CoRt'd) 


IMPACT  ON  ETF  DESIGN 


0P1 


Unapprovod  paraonnel  are  limited  to 
areas  where  the  magnetic  field  is 
less  than  0.0005  tesla  (no  time 
limit).  This  requires  relocation 
of  the  security  fence  south  of  the 
plant  site  and  the  installation  of 
mmierous  caution  signs  along  the 
entire  length  of  the  security  fence 
that  encompasses  the  plant  island. 


o The  MHD  Building  crane  is  to  be 
repositioned  to  a new  storage 
location  at  the  maximum  possible 
distance  from  the  magnet 
centerline. 
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Alternate  Methods  of  Channel 
Replacement 


o Arrangement  and  support  of  MHD 
power  train  components  will  be 
influenced  by  technique  to  be 
«Bployed  for  channel  removal 

o Plant  availability  may  be 
affected  by  removal  method 


o Remove  dlffua 
o Roll  apart  sp 
0 Roll  aside  mm 
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Secondary  Flue  Gas  Ductwork 


o Pan  and  power  requirements 
o Equipment  cost 
o Installation  cost 


o Multiple  stao 


17 


Enviror^ental  Analysis 


o 


i* 


v>UT  I KAME 


Size  of  cleanup  system, 
stoichiometry,  amount  of  K2CO0 
required,  residence  time  for 
flue  gas  and  temperatures  in 
HR/SR,  and  auxiliary  equipment 
will  be  affected  by  environ- 
mental analysis 


o Emerging  tech 
initial  exmap 
meeting  EPA  r 
may  allow  opp 
equipment  req 
be  developed 
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REVISUiN  1 

date  9-25-81 

OPTIONS 

RECOMMENOATIONS 

REMARKS 

0 Remove  diffuser 

0 Roll  apart  split-magnet 

0 Channel  outage  times  and 

arrangmsent  requires  least 

effects  on  system  availability 

0 Roll  apart  split-magnet 

calendar  hours  and  man  hours 

do  not  impose  undue  penalties 

to  replace  channel 

for  the  reference  case  or  any 

0 Roll  aside  magnet 

of  the  alternatives  reviewed. 

o Since  channel  total  down  time 

0 This  Arrangement  and  Support 

0 Effects  are  not  our  of  line 

Issue  was  addressed  in  GAI  report 

with  other  components, 

Engineering  Study  306i2),  (GAI 

replacement  procedures  and 

Ref,  No.  071-361-306) 

subsystem  arrangements  should 

be  predicated  on  overall  system 

design  and  performance  criteria 

0 Multiple  stack 

0 Review  ducting  system  to 

0 This  plant  availability  was 

determine  feasibility  and 

addressed  in  GAI  report 

desirability  of  a multiple 

Engineering  Study  306(1),  (GAI 

stack  exhaust  for  ETF 

Ref.  No.  071-361-306) 

0 Emerging  technologies 

0 An  environmental  analysis 

initial  exemption  from 

study  must  be  conducted  to 

meeting  EPA  requirements 

support  the  ETF  conceptual 

may  allow  opportunity  for 

design 

equipment  requirements  to 

fOLOOUT  FRAME  ; 

be  developed 
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18 

Performance  Assurance  Program  Plan 

o Perforaance  Assurance  plan  could 
affect  cost 

o Performance  Assurance  plan  will 
guide  the  design  and  development 
1 of  plant  components  and  systems 

1 

] 
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Facility  Cost  Analysis 


MHD  Electrical  Power  Distribution 
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Malfunction  Analysis 


i:OLDOUT 


o Optimization  of  major  costs  has 
not  been  Included 


o Performance  and  cost  of  major 
ffilD  electrical  systems  from  the 
channel  to  the  bus  bar  are 
affected  by  changes  to  any  of  the 
components 


o Possible  unsafe  operating  modes 
or  conditions  will  be  identified 


o Plant  performance  and  availability! 
could  be  affected 


o Additional  instrumentation  and 
control  for  malfunction  response 
may  be  required 


o Strengthening  of  equipment  or 
added  personnel  protection  may 
be  required 


o Improved  | 


o Improved  | 
projected 
tlon  dat«| 
details 


o Maintain 


o Redesign  | 
distrlbu^ 
complexity 
reduction 


mance  anc 


I 
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GAI  REF.  NO.  031-296- 201 

^GINEERING  SUPPORT  ACTIVITIES 

SHEET  NO.  7 

ISSUES  LIST 

REVISION  1 

DATE  9-25-81 

OPTIONS 


RECOMMENDATIONS 


REMARKS 


o A Performance  Assurance  plan 
should  be  developed 


o Improved  plant  arrangement 

o Improved  equipment  costs 
projected  to  plant  comple- 
tion date 
details 


o Maintain  present  design 

o Redesign  the  electrical  power 
distribution  system  to  reduce 
complexity  at  a possible 
reduction  in  channel  perfor- 
mance and  efficiency 


o Assessment  of  capital  costs 
for  the  commercial  i^ase  of 
operation  should  evolve  from 
firmer  definition  of  topping 
side  design  and  construction 
details 


o A coordinated  study  of  the 
MHD  electrical  power  dis- 
tribution system  should  be 
conducted 


o Currently  an  outline 
of  a Performance  Assurance 
plan  has  been  developed 


o Operating  and  malntmance  costs 
of  the  ETF  during  commercial 
operation  should  be  consistent 
with  those  of  new  coal  fired 
conventional  plants  when 
correlated  on  an  equivalent 
basis 


o MHD  electrical  power  distrilMi- 
tion  analysis  Involves  several 
high  technology  components  and 
study  should  be  coordinated  by 
one  responsible  group  to  Insure 
naxlmuB  compatibility  and 
consistency 


o A malfunction  analysis  should 
be  conducted 


£OLD(j(j2' 
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Seed  Reprocessing 


o On  iaite  seed  reprocessing  will 
affect  plant  layout 


o An  Increase  in  plant  auxiliary 
power  requirement  and  decrease  in 
plant  efficiency  would  be  expected 


o Net  improvMDent  in  plant  economics 
is  possible 
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Utilization  of  Channel  End  Regions  - 
Theoretical  Channel  design  analysis 
does  not  include  channel  sections  in 
magnetic  fields  between  0 to  4.0 
tesla,  and  3>5  to  0 tesla 


c Utilization  of  these  channel  end 
regions  will  increase  electrical 
power  quantity  delivered  to  the 
grid 

o Gas  stream  exiting  the  Channel 
will  have  reduced  enthalpy. 
AdditioneJ.  low-grade  heat  must  be 
accepted  by  the  bottoming  plant 


o The  Power  Plant  Heat  and  Mass 
Balance  will  be  affected  and 
Component  sizing  and  system 
configuration  may  be  affected 
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Multidimensional  Channel  Analysis  - 
Theoretical  MHD  Channel  and  genera- 
tor aiialysis  is  one  dimensional. 
Multidimensional  analysis  is  desired 
to  confirm  design  assumptions 


o Results  may  modify  design  of 
Channel  and  diffuser 

o ETF  performance  may  be  affected 
somewhat 


FOLDOUT  FIUME 
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GAI  REF.  NO.  031-296-  201 
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REVISION  1 

DATE  9-25-81 


OPTIONS 


RECOMMENOATIONS 


REMARKS 


o Maintain  present  options  of 
off  site  seed  reprocessing  or 
seed  purchase 

o Provide  on  site  seed  repro- 
cessing by  means  of  one  of 
the  following: 

a.  The  Resources  Conservation 
Co.  (RCC)  Engel-Precht 
process 

b.  A modified  version  of  the 
RCC  process 

c.  A seed  reprocessing  process 
other  than  the  Engel-Precht 
process 


o An  investment  analysis  should 
be  carried  out  based  on  the 
results  of  Engineering  Study 
304  (GAI  Ref.  No.  081-386-304) 

- (On  site  Integration  of  the 
RCC  Modified  Engel-Precht  Seed 
Reprocessing  System  into  ETF). 

o A detailed  engineering  design 
and  evaluation  study  should  be 
carried  out  on  the  RCC  Engel- 
Precht  process  with  the  sodim 
removal  module  deleted. 

o Pilot  plant  tests  are  needed 
for  the  RCC  Engel-Precht 
process  to  reduce  the  technical 
and  economic  risks  of  develop- 
ment 


o The  investment  analysis  study, 
detailed  engineering  design  and 
evaluation  study,  and  the  pilot 
plant  test  study  should  be 
carried  out  sequentially. 

o For  further  data  review  the 
GAI  report  Engineering 
Study  304  (GAI  Ref. 

No.  081-386-304) 


o ETF  design  insulates  end 
regions  to  prevent  circu- 
lating currents 

o Extract  additional  power 
from  end  regions 


o This  integration  of  Magnet  and  I o For  further  data  review  paper 


Channel  performance  should  be 
examined  specifically  in  areas 
of  predictions  of  component 
performance  and  development 
data 

o Evaluate  net  effect  on  plant 
performance 


No.  AIAA-82-0325  to  be 
presented  at  AIAA  20th 
Aerospace  Science  Conference 
Jan.  1982  by  S.  Hang  (NASA) 


0 This  work  be  included  in 
component  development.  After 
component  data  is  developed 
the  component  data  should  be 
integrated  into  the  Power 
Train  System 


HOLDOUT  HRAME 
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itiPACT  ON  ETF  DESIGN 


25 


Channel  Maoh  Munber  - Mfl>  Power 
Train  utllisea  eubeonlo  flow. 

A Supersonic  Channel  application 
in  ETF  appears  oredltabxe  and 
merits  analysis 


o Requirement  for  a lower  magnetic 
field  strength  will  reduce  magnet 
design  performance  and  economic 
requirements 


o Subsonic  ( 
o Supersonic 


o Reduced  magnetic  field  strength 
will  reduce  personnel  and 
equipment  exclusion  areas 


o Supersonic  flow  reduces  probabil- 
ity for  acoustic  instabilities  in 
Power  Train 


o There  will  be  some  loss  in  plant 
performance 
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Power  Train  Toting  - requirements 
must  be  defined  to  establish  the 
facility  demands 


o Specific  requirements  may  involve 
specialized  equipment  and  may 
affect  equipment  size  and  system 
configuration.  The  resulting 
engineering  compromises  may  affect 
Plant  performance  and  operation 


o Perform  oi 
testing 

o Perform  tl 
ETF  j 

o Perform  tc 
facllltlal 

I 
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OATI  9-25-81 

0PTI3NS 

RECOMMENDATIONS 

REMARKS 

0 Subsonic  Channel 

0 Theoretical  analysis  should 

0 Most  testing  to  date  has  been 

be  performed  in  this  area  to 

on  supersonic  channel 

0 Supersonic  Channel 

establish  values  for  relative 

costs  and  plant  performance 

0 For  further  data  review 
NASA  paper  Mo.  AIAA-82-0325 

0 Perform  component  and  system 

0 Review  CDIP  testing  program 

0 Meaningful  testing  for  evalua- 

testing at  the  mfg  facilities 

to  identify  probable  test 

tion  of  MID  subsystems  will 

requirements  at  500  MNe 

required  bypass  quench  ducting 

o Perform  testing  only  at  the 

and  major  heat  removal  s^tems 

RTF 

0 Estimate  Impact  pf  testing  at 
ETF  on  schedule,  equipment, 

of  the  bottoming  si<te 

0 Perform  testing  at  both  mfg 

Plant  performance,  hazards. 

facilities  and  ETF 

etc.  Estimate  cost  of  off-site 
testing 

0 Test  requirements  at  ETF  should 
be  established  by  programmatic 
decisions.  Consider  responsi- 
bility if  the  component  failure 
delays  plemt  operation 

-----  . . 
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IMPACT  ON  ETF  DESIGN 


Regenerative  Combustor  Cooling  - The 
ETF  combustor  Is  cooled  with  boiler 
feedwater.  The  ETF  design  may  be 
simplified  by  using  the  combustor  and 
nozzle  tube  walls  to  preheat  the 
oxidant  for  the  high  temperature 
combustion  process. 


o The  Intermediate  Teoq)erature 
Oxidant  Heater  (ITOH)  and  the  high 
temperature  oxidant  piping  to 
Combustor  would  be  eliminated. 

o Possibility  of  acoustic  upsets  in 
the  oxidant  supply  lines  to  the 
Combustor  would  be  reduced. 

0 Performance  of  both  topping  and 
bottoming  cycles  are  affected 

o Only  minor  changes  are  required  to 
the  ETF  configuration  and  plant 
layout 


tyjjjpux  fjrame 


ETF  CONTRACT  DEN  3>224 
lEERING  SUPPORT  ACTIVITIES 
ISSUES  LIST 


RECOMMENDATIONS 


o The  concept  of  a regenerative 
conbuator  for  preheating  the 
oxidant  should  be  incorporated 
into  the  ETF  plant  design. 

o Further  study  is  required  to 
evaluate  the  total  economic 
impact  of  regenerative  combus- 
tor cooling  on  the  ETF  design 


6AI  REF.  NO.  031-296-201 
SHEET  NO.  10 
REVISION  1 
DATE  9-25-81 

REMARKS 


o GE  has  developed  a 5 MWt 
regeneratively-oooled  combustor 
for  closed-cycle  NHD  applica- 
tions 

o The  impact  of  regenerative 
combustor  cooling  on  the  ETF 
design  has  been  evaluated  in  a 
GAI  report  Engineering  Study 
307,  (GAI  Ref.  No.  091-429-307) 


o Reduced  power  output  of  the 
channel  could  permit  reduction 
of  the  inverter  capacity 


EOl^UOUT  FRAMJB 


5.2 


BACKGROUND  DATA 


Ths  d£:ta  contained  in  this  section  consists  of  study  results  wtiioh  provide  the 
design  antecedents  for  the  basic  concepts  of  a 200  MWe,  oxygen  enriched, 
combined  cycle  MHD  power  plant;  pertinent  studies  which  were  performed  to 
resolve  major  Issues  affecting  the  final  ETF  design;  and  supplemental  cost  and 
schedule  data  for  the  high  technology  equipment. 
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5*2.1  DaaiJin  AnUotdtnta 

A atudy  raa  o<»»Iuotad  to  analytioally  avaluata  a 200  poMr  plant 
ornialatli^  of  a WiD  taping  oyola  inti^i^tad  for  oMA}inad  oyola  ^ration  with 
a ataate  potiar  plant.  Tha  raaulta  of  thla  atudy  wara  uaad  to  g«Mr«ta  a QAI 
lattar  raport  idiioh  auasttrizaa  tha  daaign  and  parfmiwnoa  raquii^Mmta  for  tha 
tffl>-ETF  powar  plant,  Thia  raport,  "200  Mfa  Nat  Output  - MagfMt^^drodynanioa/ 
Staaa  Powar  Plant  - Haat  and  Maaa  Balanoa  Dlagraa  Oaaorlption,"  datad 
Fabruary,  1981,  la  includad  aa  an  attaohaant  to  tiiia  saotlon  of  tha  CUBB. 
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FCSSWORD 

Hiis  power  plant  analyaia  report  waa  previoualy  i^»pelldlx  A to  XaviaioB  1 
(dated  3 1980)  of  the  Dealgn  RequirMeata  Doewient  (DKI)  for  tte 

NapietohydrodynMiica  Entiaeeriag  Teat  Facility  (ISD-17)  lAidi  it  evrreatly 
under  conceptual  deeiga  for  the  Departaent  of  Saergy.  It  had  been  included  in 
the  MtD  to  provide  technical  backi^  aaterial  for  the  teaiga.  Tim  ISO)  haa 
since  been  reviaed,  and  in  the  process,  the  need  for  i^pendix  A was 
elininated.  The  foraer  Appendix  A is  being  issued  as  a letter  report  to 
docusient  the  engineering  changes  that  tMre  inelt^ed  in  the  current  updated  IWD 
ETF  conceptual  design  heat  and  aass  balance  diagraa  (Dwg.  8270-1-540-314-001, 
Revision  B). 
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ABSTRACT 


A 200  aesawatt  electrical  (HWe)  aet  output  aMgnetokydro^naaiic  (1^)  p^^r 
plant  has  been  conceptually  defined  for  conaideration  as  the  Engiticeriag  Test 
Facility  (ETF).  The  plant  has  been  acaled-up  fron  a previous  BTF  teaifn  of  a 
166  MWe  net  output  HHO  plant. 

The  MHD  cycle  is  fired  with  subbituainous  coal  fron  the  Montana  Rosebud  sews 
and  oxygen  enriched  air  (30  aole  percent  oxygen).  The  enriched  air  is 
preheated  to  1100*F  in  a direct  fired  netallic  recuperative  heat  exchanger. 

Conponent  and  systens  analyses  detensine  a perfomance  criteria  for  the  najor 
c(»aponent8.  The  MHD  generator  produced  a gross  output  of  87.1  MWe  snd  its 
exhaust  provided  the  themal  input  for  the  stean  bottoning  cycle.  A 1615 
psia/lOOO^F/lOOO^F  reheat  stean  plant  was  chosen  for  the  bottMsing  cycle.  The 
combined  cycle  produces  202  MWe  net  output  fron  532  HWt  of  coal  input  at  a 
plant  efficiency  of  38.0  percent  (a  heat  rate  of  8,972  Btu/KVh). 
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Introduction 


This  study  analytically  evaluates  a 2(M}  ffWe  net  output,  oxygen 
enriched  MHD  topping  cycle  integrated  for  coad>ined  cycle  operation 
with  a stean  plant.  This  MHD  cycle  is  fired  with  subbitixainous  coal 
froB  the  Montana  Rosebud  seaa  and  air  enriched  to  30  MOle  percent 
oxygen  and  preheated  to  I.IOO^F.  The  steaai  plant  is  an  1,815 
psia/1 ,000*F/1 ,000®F  reheat  cycle.  The  MHD  heat  recovery  system 
generates  all  of  the  steam  required  by  the  turbine.  Major  MHD  and 
steam  plant  pumps  and  compressors  are  driven  by  steam  turbines. 

Major  portions  of  this  study  were  prepared  under  U.S.  DepartMnt  of 
Energy  Contract  No.  ET-78-C-01-2688. 

Scope 

The  scope  of  this  study  is  to  provide: 
o the  identification  of  an  ETF  system, 

o a preliminary  performance  evaluation  of  that  system,  and  a 
o documentation  source  for  subsequent  revisions. 

Study  Ground  Rules 

The  ground  rules  under  which  this  study  was  performed  are; 

a.  Montana  Rosebud  coal  is  used  as  the  fuel; 

b.  the  nominal  power  plant  net  output  is  200  MWe; 

c.  the  oxidant  preheat  temperature  is  1,100®F,  with  the  oxidant 
enriched  to  30  mole  percent  oxygen; 

d.  local  ambient  conditions  are  42^F,  13.0  psia  at  a specific 
humidity  of  0.0037  lb  of  moisture  per  pound  of  dry  air; 

e.  main  condenser  pressure  is  2.0  in  Hga  at  the  design  point. 
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2 . 0 MHD  Topping  Cyc ^ 

Thi*  m.ijor  suhsystoms  of  the  MHD  topping  cycle  are: 

o Coal  Preparation 
o Oxidant  Delivery 
o Oxidant  Preheater, 
c Combustor, 
o MHD  Power  Loop, 

o Heat  Recovery  and  Seed  Recovery  (HR/SR) 
o Seed  Reprocessing 

These  subsystems,  with  the  exception  of  seed  reprocessing,  are 
described  below. 

2.1  Coal  Preparation' 

Montana  Rosebud  coal  with  a moisture  content  of  22.7  percent  is 
crushed,  introduced  into  the  pulverizers,  and  then  dried  to 
5 percent  moisture  using  480®F  exhaust  gas.  The  drying  gas  to  coal 
mass  flow  rate  is  approximately  3-to-l.  The  dry  pulverized  coal  at 
150®F  is  separated  from  the  drying  gas  in  the  mechanical  collectors 
and  baghouse  and  is  transported  to  the  MHD  combustor  by  a 
pressurized  exhaust  gas  bleed. 

2.2  Oxidant  Delivery 

An  energy  efficient  on-site  oxygen  plant  produces  the  pressurized 
70  mole  percent  oxygen  which  is  blended  with  pressurized  air  to  form 
the  30  mole  percent  oxygen  combustion  oxidant.  The  oxygen  plant  was 
scaled  from  plants  in  detailed  oxygen  production  studies 
(Reference  i).  The  oxygen  plant  requires  221  kU'h/ton  equivalent 
pure  0^  of  compression  power  (at  58.6  psia  delivery  pressure)  to 
provide  the  cryogenic  separation  of  the  oxygen  The  oxygen  plant 
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vith  a capacity  to  produce  1,600  tons  of  equivalent  pure  oxygen  per 
day  is  needed  to  meet  the  oxidant  requirements  of  this  200  HWe  MHD 
plant . 

The  equivalent  pure  0^  is  defined  as  the  amount  of  pure  0^  added  to 
normal  dry  air  (which  contains  21.0  mole  percent  0^)  to  produce  a 
70  mole  percent  0^  mixture.  Table  2.4.1  shows  the  air  and  oxidant 
compositions  used  in  the  ETF  design  analysis. 

Two  compressor  systems  are  required  to  deliver  the  pressurized  »nd 
enriched  oxidant  to  the  combustor.  These  systems  are:  a highly 

intercooled,  steam  turbine  driven  compressor  to  supply  air  to  tr.e 
air  separation  unit,  and  an  uncooled  steam  turbine  driven  compressor 
that  pressurizes  the  blended  mixture  of  ambient  air  and  the  70  mole 
percent  pure  0^  product  gas  from  the  air  separation  unit.  These 
compressors  were  estimated  to  require  12,275  kW,  and  23,448  kW 
power,  respectively. 

2.1  Oxidant  Preheater 

The  oxidant  preheater  is  designed  to  heat  the  pressurized  combustion 
oxidizer  to  1,100®F.  The  heater  is  constructed  of  high  temperature, 
■ lorrosion  resist.int  lubes  designed  to  withstand  the  pressure 

differential  between  the  oxidant  and  the  hot  MHD  exhaust  gas.  The 
ifioice  of  1,100®K  preheat  for  these  studies  is  considered  reasonable 
for  .1  reli.iblf,  cost-effective  unit  that  is  to  operate  in  the 
corrosive  .iiul  erosive  environment  of  the  MHD  exhaust. 

J . -4  t'.>mbiis  t III 

The  combustor  is  pressurized  and  will  operate  at  90  percent 
stoichiometry,  bS  percent  slag  rejection,  with  1 percent  potassium 
in  the  combustion  gas,  burning  the  pulverized  coal  described  in 
Table  2 4.2.  A detailed  assessment  of  combustor  design  was  not 
performed  during  this  study.  Combustor  heat  loss  to  the  feedwater 
cooled  waterwalls  was  assumed  to  be  24.8  MWl , 4.7  percent  of  the 
coal  HHV  input. 
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TABLE  2.4.1 

AIR  AND  OXIDANT  COMPOSITIONS 


Mole  Percent 

Dry  Air 

Ambient  Air* 

70%  0 

ASU  Product 

30%  0 
Oxidant 

Nitrogen,  N^ 

78.084 

77.626 

26.88 

68.160 

Oxygen,  0^ 

20.950 

20.827 

70.00 

30.000 

Argon,  Ar 

0.934 

0.928 

3.12 

1.336 

Water  Vapor,  H^O 

0 

0.587 

0 

0.478 

Carbon  Dioxide,  CO^ 

0.032 

0.032 

0 

0.026 

100.000 

100.000 

100.000 

100.000 

Weight  Percent 

70%  0 

ASU  Product 

30%  0 

Dry  Air 

Ambient  Air* 

Oxidant 

Nitrogen,  N., 

75.519 

75.238 

24.152 

65.111 

Oxygen,  0^ 

23.144 

23.062 

71.850 

32.737 

Argon,  Ar 

1.288 

1.283 

3.998 

1.820 

Water  Vapor,  K2O 

0 

0.368 

0 

0.293 

Carbon  Dioxide,  CO^ 

0.049 

0.049 

0 

0.039 

100.000 

100.000 

100.000 

100.000 

Molecular  Weight 

Nitrogen,  N^ 

-- 

28.013 

Oxygen,  0^ 

-- 

31.999 

Argon,  Ar 

-- 

39.948 

Water  Vapor,  H.O 

-- 

18.016 

Carbon  Dioxide,  CO^ 

44.0101 

* ^ased  on 

Tdry  = 

42F 

Twet  = 

36F 
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TABLE  2.4.2 
ETF  COAL  PROPERTIES 


COAL:  RANK:  Subbituninous  B 


■ 

■ 

Weight* 

1 

Percent 

PROXIMATE  ANALYSIS: 

As  Received 

^ Moisture 

22.7 

1 Volatile  Matter 

29.4 

fixed  Carbon 

39.2 

Ash 

8.7 

i 

100.0 

i 

Weight* 

Weight 

Weight 

1 

Percent 

Percent 

Percent 

t 

t 

As  Received 

As  Fired 

Dry 

; ULTIMATE  ANALYSIS: 

(base) 

(derived) 

(derived) 

Carbon 

52.13 

64.0666 

67.4385 

Hydrogen 

3.46 

4.2523 

4.4761 

Oxygen 

11.36 

13.9612 

14.6960 

Nitrogen 

0.79 

0.9709 

1.0220 

Sulfur 

0.85 

1.0446 

1.0996 

Ash 

8.71 

10.7044 

11.2678 

Moisture 

22.70 

5.0000 

0. 

100.00 

100.0000 

100.0000 

Higher  lle.it  ing  Value,  Btu/lb 

8,920 

10,962.5 

11,539.5 

Weight* 

ASH  AN,UYS1S^ 

Percent 

SiO., 

38.68 

1 O 
< 

17.80 

Fe^O^ 

5.25 

TiO, 

0.72 

0.41 

2 5 

C.iO 

11.32 

MgO 

4.12 

Na,,0 

3.19 

.,5 

0.51 

SO 

18.00 

J 

100.00 

Initial  Deformation  Temperature,  ®F 

2, 

190  ± 230 

Softening  Temperature,  “F 

2, 

230  ± 240 

Fluid  Temperature,  “F 

2. 

280  1 240 

* Source:  Letter  Rigo  (NASA/LeRC)  to  Guy  (G/C);  "ETF  Coal  Properties"; 

February  1,  1980. 
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Properties  of  the  MHD  channel  plasma  used  for  these  evaluations  were 
calcul.it('d  under  the  following  .issumpt  ions : 

•I ) b aiuisl  Mniil.iii.i  tn.il  (see  T.tiile  2.4.2)  is  iiseii  .is  fuel. 

h)  one  percent  potassium  by  weight  is  injected  into  combustor 
discharge  gas. 

c)  oxidant  contains  30  mole  percent  oxygen. 

d)  combustion  occurs  at  90  percent  stoichiometry. 

e)  65.3  percent  of  the  original  coal  ash  is  removed  as  slag. 

f)  chemical  equilibrium  is  attained. 

The  characteristics  of  this  plasma  were  calculated  by  Gilbert 
Associates'  CEC  computer  code.  The  resulting  combustor  inputs  and 
outputs  are: 

TABLE  2.4.3 

COMBUSTOR  INPUTS  AND  OUTPUTS 


Per  Pound 
Coal  Feed 
lb/ lb  Coal 

For  532  MWt 
Coal  Input 
Ib/hr 

Coal  feed  (5  percent  moist) 

1.000000 

165,622 

Coal  transport  gas 

0.033003 

5 ,466 

30  mole  percent  0^  oxidant  feed 

5.239990 

867,852 

K^COj  feed 

0.049585 

8,212 

K.SO,  feed 

0.078598 

13,018 

Slag  rejected 

0.069574 

1 • ,.'^'’3 

Channel  gas  produced 

6.331060 

1,048,569 
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Figure  2.4.1  presents  the  Hollier  chart  of  this  plasma.  Figure 
2.4.2  indicates  the  plasma  electrical  conductivity. 

K^CO^  is  used  for  sulfur  capture.  To  assure  sulfur  capture,  KjCOj 
in  excess  of  stoichiometric  supplied  such  that  1.1  moles 

of  was  injected  for  each  mole  of  sulfur  in  the  coal. 

Thus  injection  was  set  at  0.04^59  pounds  for  each  pound  coal. 

K^SO^  was  used  as  the  additional  seed  material  to  provide  the 
required  one  percent  potassium  by  weight  in  the  MHD  exhaust  gas. 
This  results  in  a K^CO^/K^SO^  mass  ratio  of  0.631:1. 

The  combustion  flame  temperature  attained  by  this  plasma  is  a 
function  of  the  following  parameters: 

a)  oxidant  preheat  of  1,100®F 

b)  combustor  inlet  pressure  of  70  psia 

c)  coal  temperature  of  150®F 

d)  seed  temperature  of  150®F 

e)  combustor  heat  loss  of  4.67  percent  of  coal  Hir7  (=  10,962.5 
Btu/lb) 

f)  combustor  pressure  drop  of  5.0  percent 

For  the  design  combustor  discharge  pressure  of  4.516  atm  abs,  the 
flame  temperature  is  4,381®F  (2.690K). 


H-ENTHALPY  KCAL/KG 
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FIGURE  2.4.1 

MOLLIER  DIAGRAM  FOR  COMBUSTION  PRODUCTS 
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MONTANA  COAL  COMBUSTION  PRODUCTS 

5 PERCENT  MOIST  COAL 
90  PERCENT  STOICHIOMETRY 
30  MOLE  PERCENT  OXYGEN  CONTENT 
1 PERCENT  POTASSIUM  SEED 


I 


1.60 


n I \ 

2.00  2.40  2.e0 


S-ENTROPY  KCAL/KG-K 
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FIGURE  2.4.2 

ELECTRICAL  CONDUCTIVITY  VS.  TEMPERATURE 


MONTANA  COAL  COMBUSTION  PRODUCTS 

5 PERCENT  MOIST  COAL 
90  PERCENT  STOICHIOMETRY 
30  MOLE  PERCENT  OXYGEN  CONTENT 
t PERCENT  POTASSIUM  SEED  ' 
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2.5  MHD  Power  Loop 

Major  components  of  the  MHD  power  system  are  the  nozzle,  channel, 
dc-to-ac  inverter,  and  diffuser/transition  section.  For  the  532  MWt 
of  coal  input  to  the  combustor,  the  MHD  channel  produces  an  output 
of  87.1  MWe.  The  channel  inlet  pressure  was  established  to  be 
consistent  with  an  active  channel  length  of  12.1  meters.  The 
channel  was  ass’imed  to  be  a subsonic,  constant  Mach  number  (0.90), 
Fataday  connection  design.  The  Hall  field  was  limited  to  2,500 
volts/meter  by  varying  the  transverse  loading  parameter  from  0.75 
near  the  channel  entrance  to  the  level  required  to  maintain  the 
limiting  maximum  Hall  field  further  along  the  channel.  The  magnetic 
field  used  was  based  on  National  Magnet  Laboratory  estimates,  and  is 
illustrated  in  Figure  2.4.3.  This  magnet  has  a peak  field  strength 
of  6 tesla.  Figure  2.5  illustrates  the  geometry,  flow  rates,  and 
performance  e:  tiroated  for  the  channel  under  these  conditions,  while 
Table  2.5  summarizes  these  results.  The  channel  was  assumed  to  be 
water  cooled  with  214°F  feedwater  that  is  allowed  to  attain  a 
maximum  water  temperature  of  ..  '6®F  before  leaving  the  channel 
cooling  loops. 

The  diffuser  and  tr.iiisition  sections  are  designed  to  decelerate  the 
high  velocity  gases  leaving  the  channel  to  acceptable  levels 
(approximately  30  metcrs/secoi.d)  at  the  entrance  to  the  heat  and 
seed  recovery  section.  The  transition  section,  which  connects  the 
diffuser  and  steam  generator,  is  a constant  area  duct  with  a cross 
sectional  area  large  enougn  to  complete  the  deceleration.  For  this 
application,  the  diffuser/transition  section  is  expected  to  have  a 
pressure  recovery  coefficient  equal  to  0.46  and  to  discharge  into 
the  radiant  boiler  at  ambient  pressure  (13.0  psia).  Diffuser  heat 
loss  was  estimated  to  be  26.5  MWt. 


SOURCE:  NATIONAL  NAGNET  LABORATORY 


V1S31  - H19N3dlS  01313  0I13N5VN 


MAX  MAG  FIELD  STRENGTH:  6.00  TESLA  NOZZLE  HEAT  LOSS:  (INCLUDED  WITH  COMBUSTOR) 

MAX  HALL  TEMPERATURE:  I BOO  DEG  K CHANNEL  HEAT  LOSS:  22.89  MW 

MAX  ELEC  FIELD  STRENGTH:  2500  V m DIFFUSER  HEAT  LOSS:  26.53  MW 

GENERATOR  POWER  OUTPUT:  87.09  MW  TOTAL  HEAT  LOSS:  49.42  MW 


FIGURE  2.5 

MHO  CHANNEL  FOR  A 200  MWE  POWER  PLANT 
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TABLE  2.5 

MHD  CHANNEL/ PERFORMANCE 


COMBUSTOR: 

Preheat 

Moles  Oxygen  in  Oxidant 

Stoichiometry 

Gas  Flow 

Coal  Input 

Discharge  Pressure 

Discharge  Temperature 

Heat  Loss 


CHANNEL: 

Length 

Constant  Mach  Number 
Inlet  Velocity 
Discharge  Velocity 
Inlet  Cross  Section 
Exit  Cross  Section 
L/D,  inlet 

Gross  Power  Output 

Heat  Loss 

Extraction  Ratio 

Inlet  Loading  Parameter 

Discharge  Loading  Parameter 

Maximum  Magnetic  Field 

Maximum  Jy 

Maximum  Ex 

Maximum  Ey 

Maximum  Hall  Parameter 

DIFFUSER: 

Pressure  Recovery 
Exit  Pressure 
Exit  Temperature 

Heat  Loss 


200  MWe 
Plant 
Channel 
Estimate 


°F 

1,100 

% 

30 

- 

0.90 

kg/s 

132.1 

MWt 

532 

atm  abs 

4.52 

K 

2,689 

op 

4,381 

MWt 

24.8 

% coal  input 

4.67 

m 

12.1 

- 

0.90 

m/s 

809 

m/s 

776 

m X m 

0.63x0.63 

m X m 

1.21x1.21 

- 

17.0 

MWe 

87.1 

MWt 

22.9 

- 

0.173 

- 

0.75 

- 

0.84 

tesla 

6 

A/m 

5,833 

V/m 

2,500 

V/m 

3,623 

- 

4.08 

- 

0.46 

atm  abs 

0.88 

K 

2,218 

op 

3,532 

MWt 

26.54 

rtHD-ETF 
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2 . 6 Heat  Recovery  and  Seed  Recovery  Coaiponents 


The  hot  gases  from  the  diffuser  enter  the  heat  recovery  boiler 
(steam  generator)  with  sufficient  temperature  (3,!>32*'F)  and  thermal 
energy  to  generate  steam  and  to  provide  the  oxidant  preheat 
requirements.  The  arrangement  of  the  major  components  for  the  heat 
recovery  system  is  illustrated  in  the  system  heat  and  mass  balance 
diagram.  Figure  2.6.  The  components  are:  the  radiant  boiler, 

superheater,  oxidant  preheater,  reheatei , and  high  pressure 
economizer . 


Flue  gases  exit  from  the  d.f fuser  and  enter  the  water-cooled  primary 
radiant  boiler.  A portion  of  the  slag  is  extracted  in  this  furnace. 
The  gas,  at  reducing  conditions,  transfers  heat  to  the  water-cooled 
v«alls,  and  slowly  cools  at  a rate  which  allows  conversion  of  NO  to 
elemental  N.,  and  other  oxides.  This  toiler  was  assumed  to  have  a 
heat  loss  of  3.617  MVt  , which  is  2.5  percent  of  its  total  heat 
t ransfer . 


Secondary  air,  along  with  recycle  gas  (.used  as  a temperature 
control),  is  injected  into  the  hot  gases  downstream  of  the  primary 
r.idiant  furnace  to  lomplete  the  combustion  of  the  MHP  exhaust  gases. 
I'ombiistion  of  c.irbon  monox i<le  and  other  species  not  fully  oxidized 
in  Ifie  mam  MUD  combustor  lieats  the  gas.  The  flue  gas,  now  at 
oxidizing  I'ondi  t ions , is  cooled  to  2,A00“F  with  recycle  gas. 

After  p.issing  llirougti  the  economizer  sections,  the  flue  gas  enters 
the  gas  cleanup  system  lor  final  seed  recovery  and  particulate 
remov.il  This  48l°F  gas  is  used  for  coal  drying,  for  recycle  gas, 
.ind  for  low  pressure  economizing.  The  g.is  leaving  the  low 
temperature  econoniuter  mixes  with  coal  drying  return  gas  and  air 
fie.iler  exh.iust  gas,  and  dischaiges  to  the  atmosphere  at  about  230°F. 
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The  MHD  system  is  designed  to  recover  the  seed  material  injected 
into  the  combustor.  A portion  of  the  potassium  sulfate  recovered  in 
the  downstream  boiler  components  may  be  regenerated  offsite  to 
sulfur  free  potassium  salts  for  reinjection  into  the  combustor.  The 
sulfur  in  the  coal  readily  combines  to  form  potassium  sulfates.  In 
this  manner,  sulfur  removal  from  the  exhaust  gases  is  continuous 
and,  by  adjusting  the  ratio  of  regenerated  seed  to  potassium 
sulfate,  the  EPA  sulfur  emission  limits  for  the  plant  will  be  met. 
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3 . 0 Steam  Bottoming  Cycle 

3 . 1 Selection  Basis 

The  steam  generated  in  the  waste  heat  recovery  equipment  can  supply 
a 125  MWe  class  steam  turbine  generator.  Steam  throttle  conditions 
of  1,815  psia  pressure  and  1,000®F  temperature  were  selected  for 
this  plant.  A reheat  to  1 ,000°F  was  included  to  improve  cycle 
performance  (1.5  points  improvement  in  net  plant  efficiency  compared 
to  a nonreheat  configuration). 

3 . 2 Component  Sequence 

Figure  2.6  i 1 lustrates^ the  steam  plant  flow  sequence.  Steam 
condensate  is  boosted  (to  a pressure  sufficient  to  overcome  line 
pressure  drop),  demineralized,  and  deaerated.  From  the  deaerator 
the  feedwater  is  further  boosted  in  pressure  and  circulated  through 
the  MHD  cannel  as  coolant.  The  hot,  low  pressure  feedwater  then 
picks  up  he.U  from  the  MHD  exhaust  gas  in  the  low  pressure 
economizer  of  the  MHD  heat  recovery  system  and  is  piped  to  the 
bottoming  cycle  for  further  pressurization  in  the  boiler  feed  pump. 
This  high  pressure  feedwater  then  passes  through  a string  of  high 
pressure  regenerative  feedwater  heaters  and  is  returned  to  the  high 
pressure  economizer  of  the  topping  cycle  heat  recovery  system  for 
further  heat  addition.  The  feedwater  then  passes  through  the  MHD 
combustor,  cooling  this  component,  and  is  converted  to  steam  in  the 
radiant  boiler  and  diffuser  using  heat  from  the  MHD  exhaust  gas. 

The  steam  is  then  superheated.  The  superheated  steam  is  partially 
expanded  in  the  high  pressure  section  of  the  turbine  and  returned  to 
the  topping  cycle  for  reheating.  After  reheat,  the  steam  is  split 
into  four  flows,  one  supplying  the  boiler  feed  pump  drive  turbines, 
the  second  supplying  the  ASU  air  compressor  drive  turbine,  the  third 
supplying  the  Oxidant  compressor  drive  turbines,  and  the  forth 
expanding  in  the  low  pressure  section  of  the  main  steam  turbine. 
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3. 3 Turbine /Generator 

The  main  steam  turbine  is  a 3,600  rpm,  tandem  compound,  reheat 
turbine  with  a double  flow  low  pressure  section  (TCDF26.0).  At  full 
load,  the  turbine  operates  at  1,815  psia,  I,000°F  design  throttle 
steam  conditions.  Turbine  last  stage  bucket  size  (26.0  inches)  was 
selected  to  minimize  exhaust  hood  loss.  The  back-end  loading  for 
the  last  stage  was  44. A percent.  The  used  energy  end  point  is  at 
6.7  percent  moisture. 

The  electric  generator  is  hydrogen  cooled  and  rated  for  153,400  kVA 
at  60  Hz.  Its  full  load  output  is  128,044  kW. 
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4 . 0 System  Pertormance  Estimates 

The  HHD/steam  power  plant  generates  202.3  MWe  of  net  electrical 
power  at  the  net  plant  heat  rate  of  8,972  Btu/kWh  (38.0  percent 
efficiency).  Gross  electrical  output  of  the  HHD  generator  is 
87.1  MWe.  The  total  mechanical  power  output  of  the  steam  turbines 
totals  168.6  MW,  with  a total  of  35.7  MW  produced  by  the  ASU  and  the 
Oxidant  compressor  drive  turbines,  2.6  MW  by  the  boiler  feed  pump 
drive  turbines,  and  130.3  MW  by  the  generator  drive  turbine. 
Generator  mechanical  and  electrics!  losses  total  2.3  MW,  resulting 
in  a gross  steam  generator  electrical  output  of  128.0  MWe. 

Losses  must  be  deducted  from  gross  plant  output  to  account  for 
mechanical  auxiliaries,  electrical  auxiliaries,  and  generator 
losses.  Mechanical  auxiliary  loads  are  35 . 7 MW  for  the  steam  driven 
compressor  drives,  and  2.6  MW  for  the  boiler  feed  pump  drives. 
Electrical  auxiliary  loads  total  12.8  MWe.  Electrical  and 
mechanical  losses  in  thi  bottoming  cycle  electrical  generator  are 
2.3  MW,  resulting  in  a total  system  power  loss  of  53.4  MW.  The 
estimated  performance  characteristics  are  summarized  in  Table  4.1 
and  4.2,  and  the  system  heat  balance  is  shown  in  Figure  2.6. 

The  design  coal  flow  rate  to  the  MHD  combustor  is  165,622  Ib/hr 
(532.0  MWt).  The  coal  is  burned  in  the  MHD  combustor  at  90  percent 
stoichiometery  with  1,100®F  preheat(.*d  air  enriched  to  30  mole 
percent  oxygen.  The  product  gas,  seeded  with  potassium  carbonate 
and  potassium  sulfate,  passes  through  the  MHD  generator  and 
di f fuser . 

in  order  to  keep  the  coolant  water  temperature  below  300*F  in  the 
MHD  channel,  dcminera 1 ized  and  deaerated  low  pressure  feedwater  is 
sent  directly  to  the  channel. 
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TABLE  4.1 

SYSTEM  PERFORMANCE  ESTIMATE 


GROSS  OinPUT:  MW 

MHD  Power 

87.1 

Steam  Mechanical  Power 

Turbine  Mechanical  Power 

130.3 

Compressor  Drive  Power 

35.7 

Feed  Pump  Drive  Power 

2.6 

168.6 

168.6 

LOSSES:  MW 

Topping  Losses 

-6.9 

Compressor  Power 

-35.7 

Bottoming  Losses 

-8.2 

Feed  Pump  Power 

-2.6 

-53.4 

-53.4 

NET  OUTPUT:  MWe 

Net  Plant  Output 

202.3 

IN2^JT:  MWt 

Coal  to  Combustor 

532.0 

NET  PLANT  PERFORMANCE: 

Efficiency,  Percent 

38.0 

Heat  Rate,  Btu/kWh 

8,972 
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TABLE  4.2 

SYSTEM  POWER  LOSS  SUMMARY 

Kilowatts 

Toppi-.g  Losses; 

Fuel  Handling  1,288 

MHD  Transformer  1,742 

MHD  Inverter  871 

Magnet  139 

Seed  Regeneration  198 

Secondary  Air  Fan  38 

Recirculation  Flue  Gas  Fans  46 

Coal  Drying  Flue  Gas  Fan  244 

Transport  Gas  Compressor  200 

Induced  Draft  Fan  707 

Cleanup  System  i ,397 


Total  MHD  Losses  6,870 
Bottoming  Losses; 

Ash  Handling  334 
Service  Water  System  60 
Steam  Turbine  98 
Transformer  1,280 
Cooling  Tower  Fans  1,982 
Condensate  Pump  56 
Booster  Pump  291 
Circulating  Water  Pump  1,417 
Mi  seel  1 aneous  396 
Generator  Mechanical  696 
Generator  Electrical  1 ,604 


Total  Steam  Plant  Losses  8,214 
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High  pressure  iredwater  is  used  to  cool  the  MHD  combustor  and 
nozzle.  The  coolant  flow  rate  is  1,070,992  Ib/hr.  After  cooling 
the  nozzle,  the  feedwater  is  converted  to  steam  in  the  radiant 
furnace  and  diffuser  using  heat  from  the  HHD  exhaust  gas.  It  is 
then  superheated  by  the  exhaust  gas  in  a convective  heater.  The 
design  steam  turbine  throttle  flow  of  1,070,992  Ib/hr  is  then 
delivered  to  the  turbine  high  pressure  section  at  1,815  psia, 

1,000°F.  The  steam  exhaust  from  the  high  pressure  turbine  section 
is  reheated  to  1,000°F  prior  to  expansion  in  the  reheat  turbine 
section. 

The  ASU  compressor  and  Oxidant  compressor  power  35.7  MW,  and  the 
bottoming  cycle  boiler  feed  pump  power,  2.6  MW,  are  provided  by 
condensing  steam  turbine  drives  with  2.5  inches  HgA  back  pressure. 
About  30.0  percent  of  the  reheated  steam  from  the  main  turbine  high 
pressure  section  is  expanded  in  the  compressor  drive  turbines  and 
2.1  percent  is  used  in  the  boiler  feed  puisp  drive  turbines.  The 
remaining  67.9  percent  of  the  reheat  flow  expands  through  the  reheat 
and  low  pressure  turbine  sections. 
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Pertinent  Studies 


A number  of  studies,  investigations,  and/or  document  reviews  were  conducted  in 
the  course  of  developing  the  ODER  in  order  to  provide  the  detail  analyses 
required  for  resolution  of  critical  or  complex  plant  requirements.  One  of 
these  studies,  which  established  the  heat  and  mass  balance  requirements  of  the 
plant,  has  been  included  in  Section  5.2. 'i  as  the  Design  Antecedent  for  this 
ODER.  Another,  which  supported  the  design  of  the  MHD  Power  Train  channel,  has 
been  included  as  Appendix  C to  SDD-502,  "MHD  Power  Train".  A number  of  other 
studies  were  also  conducted  to  evaluate  possible  improvements  to  plant  design 
cost  and/or  efficiency.  However,  it  should  be  understood  that  results  of 
these  studies  are  not  included  in  the  descriptive  text  of  the  ODER. 

Reports  of  the  results  of  these  studies  are  included  as  the  following 
attachments  to  this  section  of  the  CDER: 
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TITLE : Evaluation  of  the  MllD  ETF  with  Electric  Motor  Drivers 

Replacing  Steam  Turbine  Drivers 

SCOPE : 

An  analytical  evaluation  was  made  of  the  effect  an  all  electric  motor  driver 

configuration  would  have  on  efficiency  and  cost  of  the  MHD  ETF  conceptual 

design. 

FINDINGS: 

1)  Net  power  output  for  Lhe  all  electric  motor  driver  cycle  increased 

3.9  MV’e  compared  to  the  steam  turbine  driver  cycle.  This  increased  plant 
efficiency  0.74  points  to  38.76  percent. 

2)  There  would  be  essentially  no  increase  in  ETF  cost  for  the  all  electric 
motor  driver  configuration. 

3)  T.he  plant  arrangement  could  be  simplified  by  replacing  the  condensers  and 
fjteam/condensate  piping  for  the  steam  turbine  drivers  by  cabling, 
Fwitchgear,  and  transformers  for  the  electric  motor  drivers. 

4)  Custom  design  steam  turbine  drivers  are  required  for  the  air  and  oxidant 
compressors.  "Off  the  shelf"  steam  turbines  using  1000®F  steam  are  not 
available. 

5)  The  boiler  feed  pump  (BFP)  drivers  need  1.25  MW  class  steam  turbines.  No 
steam  turbine  supplier  would  offer  a 1.25  MW  unit,  either  standard  or 
custom  design,  that  uses  1000®F  steam.  Highest  temperature  steam  for 
1.25  MW  units  was  900°F. 

RECOMMENDATIONS: 

0 The  BFP  driver  design  should  be  revised  to  incorporate  either  constant 
speed  electric  motors  or  steam  turbines  with  a lower  temperature  steam 
source  (e.g.  turbine  crossover,  or  pri'~ary  reheat). 

o Constant  speed  electric  motors  should  be  substituted  for  industrial  steam 
turbines  as  the  drivers  for  the  oxygen  plant  compressors. 

o Details  of  compressor  control  mechanisms  need  to  be  established  to  insure 
that  the  oxygen  plant  compressors  can  be  controlled  when  powered  by 
constant  speed  drivers. 

o The  im{)act  of  constant  speed  electric  motors  on  part  load  heat  rate  and 
pl.ant  transient  response  should  be  determined. 
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PROCEDURE: 

ETF  plant  performance  was  analytically  evaluated  using  the  GAI  PROTEUS 
computer  code.  Constant  speed  electric  motor  drivers  with  98  percent 
efficiencies  (as  quoted  by  General  Electric)  were  substituted  for  the  steam 
turbines  currently  employed  to  drive  the  air  separation  unit  ASU  air 
compressor,  the  oxidant  compressors  and  the  boiler  feed  pumps.  The  reheat  and 
low  pressure  sections  of  the  main  steam  turbine  generator  set  were  resized  to 
pass  the  additional  steam  that  wat-  previously  used  by  the  turbine  drivers. 

Costs  for  the  equipment  modified  for  the  all  electric  motor  driver 
configuration  were  compared  '.tith  the  steam  turbine  driver  configuration  to 
determine  impact  on  plant  cost. 

DISCUSSION: 

The  base  configuration  for  the  ETF  has  three  steam  turbine  driver  systems  that 
use  nearly  32  percent  of  the  hot  reheat  steam  to  meet  the  power  requirements 
of  the  BFP  and  ASU  air  and  oxidant  compressors.  This  amount  of  steam 
extraction  produces  a steam  flow  difference  between  the  high  pressure  section 
and  the  intermediate/low  pressure  sections  of  the  steam  turbine  which  is  not 
typical  in  standard  power  plant  main  steam  turbines.  The  128  MWe  rating  for 
the  turbine  generator  is  also  smaller  than  the  steam  turbines  being  ordered 
for  today's  power  plants.  This  smaller  size  and  the  turbine  section  flow 
difference  will  require  a custom  designed  turbine  generator  set.  The  oxygen 
plant  supplier  has  also  indicated  that  constant  speed  drivers  are  adequate  to 
power  the  ASU  air  and  oxidant  compressors.  Drivers  with  variable  speed 
capability  to  achieve  compressor  control  are  not  required.  The  oxygen  plant 
supplier  has  indicated  that  compressor  flow  and  pressure  control  with  constant 
speed  drivers  can  be  achieved  by  employing  control  techniques  such  as: 
variable  compressor  inlet  guide  vanes  and  stators,  gas  recirculation, 
throttling,  and  multiple  compressor  units.  It  was  then  decided  to  evaluate 
the  MHD  ETF  cycle  with  all  electric  motor  drivers  to  attempt  to  simplify  the 
steuin  turbine  equipment  design  requirements  and  facilitate  procurability.  The 
ETF  cycle  evaluation  with  all  electric  motor  drivers  was  conducted  at  steady 
state  100  percent  load  condition.  Part  load  heat  rate  and  plant  transient 
response  were  not  reviewed  to  determine  what  impact  constant  speed  electric 
motor  drivers  wMl  have  on  the  design. 

Figure  1 is  a detailed  heat  and  mass  balance  diagram  of  the  ETF  with  an  all 
electric  motor  driver  configuration.  Figure  2 is  the  heat  and  mass  balance 
diagram  of  the  ETF  with  steam  turbine  drivers.  A comparison  of  the  two 
diagrams  show;  the  steam  flow  increase  (310,  550  Ibm/hr  additional)  to  the 
reheat  turbine.  The  turbine  efficiency  for  the  main  steam  turbine  is  over 
II  points  higher  than  fur  the  smaller  industrial  steam  turbine  drivers, 
therefore,  redistributing  the  steam  to  pass  entirely  through  the  main  steam 
turbine  is  a more  efficient  use  of  the  energy  in  the  steam.  In  addition, 
increasing  reheat  steam  flow  through  the  turbine  increased  the  size  of  the 
reheat  and  low  pressure  sections,  improving  the  overall  turbine  section 
efficiency  0.4  points.  The  more  efficient  use  of  the  reheat  steam  flow  and 
the  increased  steam  turbine  efficiency  combined  to  increase  steam  bottoming 
cycle  efficiency  2 points  to  41.6  percent  and  also  increased  main  steam 
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turbine'  generator  gross  power  output  by  43.6  MWe.  Offsetting  this  gross  power 
output  increase  is  a 39.7  MV/e  increase  in  plant  auxiliary  load,  due  mainly  to 
the  added  electric  drivers  for  the  BFP  and  ASU  air  and  oxidant  compressors. 

The  net  result  is  a 3.9  MWe  increase  in  net  power  output  compared  to  the  steam 
turbine  driver  case.  The  3.9  MWe  increase  improved  plant  efficiency 
0.74  points  to  38.76  percent. 

The  43.6  MWe  increase  in  gross  power  for  the  all  electric  motor  driver  cycle 
increased  steam  turbine  generator  rating  to  172  MWe.  This  turbine  generator 
would  then  fall  in  the  200  MWe  turbine  generator  class,  a level  more 
representative  of  units  built  for  today's  power  plant  market.  The  steam  flows 
through  the  turbine  for  the  all  electric  motor  driver  cycle  also  reflect 
levels  typical  of  standard  design  steam  turbines.  The  all  electric  motor 
driver  cycle  would  then  require  a steam  turbine  generator  that  is  a standard 
design  in  a size  closer  to  the  range  of  units  being  built  today.  For  the 
steam  turbine  driver  configuration  a custom  main  steam  turbine  design  in  a 
size  smaller  than  being  built  today  would  be  required.  Choosing  a standard 
design  steam  turbine  in  a size  more  typical  of  today's  market  has  the 
following  advantages  compared  to  a custom  design,  smaller  size  steam  turbine. 

o Improved  procurability  through  standard  design  selection. 

o Demonstrated  reliability  from  similar  commercial  units  already  in 
service . 

o Improved  utility  recognition  and  familiarity  with  the  steam  cycle 
operation  and  control. 

o Improved  manufacturer  warranty. 

Although  there  are  no  compensating  disadvantages  in  selecting  a standard 
design  steam  turbine  over  a rustoin  design,  the  increased  class  size  (200  MWe 
versus  125  MWe)  for  the  all  electric  motor  drive  cycle  turbine  results  in  a 
$2-4  MM  increase  in  turbine  generator  cost  (see  Table  1).  Some  adjustment  in 
total  plant  rating  may  also  lie  required  to  insure  that  the  rating  for  the 
standard  steam  turbine  design  matches  a size  for  which  engineering  drawings 
already  exist. 

Table  1 compares  tlie  costs  for  the  mechanical  drivers.  The  steam  turbine 
costs  include  tlie  condenser  but  not  the  cost  of  the  steam/condensate  piping 
runs  to  and  from  the  industrial  steam  turbines.  The  electric  motor  costs 
include  the  associated  switchgear,  transformers  and  busses  but  not  the  cost  of 
the  additional  cabling  or  cable  trays.  At  the  time  this  study  was  conducted 
data  was  not  available  that  would  permit  the  evaluation  of  the  piping  run 
costs  for  the  steam  turbine  ilrivers.  It  was  felt  that  a detailed  evaluation 
of  pipe  length,  number  <.f  v.ilves  and  elbows  to  determine  piping  cost  for  the 
turbine  drivers  was  also  beyond  the  scope  and  level  of  detail  of  this  study. 
For  the  same  reasons  cal'ling  and  cable  tray  costs  for  the  electric  motor 
drivers  were  not  estimated.  GAI  feels  that  although  cabling  to  supply  the 
electric  motor  drivers  and  the  piping  to  carry  1000“F  steam  to  the  steam 
turbine  drivers  are  expensive  items,  their  costs  would  be  approximately  the 
same  and,  therefore,  would  not  influence  the  overall  plant  cost.  The  net 
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result  of  the  driver  cost  estimates  indicate  that  the  constant  speed  electric 
motors  cost  $3.2  MM  less  than  the  steam  turbine  drivers.  This  roughly  offsets 
the  $2-4  MM  increase  for  the  larger  turbine  generator  required  for  the  all 
electric  motor  driver  configuration,  producing  no  increase  in  overall  plant 
cost  when  taken  in  context  with  the  estimated  total  plant  cost  of  $600  MM. 

Plant  arrangement  will  be  simplified  by  the  use  of  electric  motor  drivers. 

The  steam/condensate  piping  runs  and  condenser  systems  for  the  steam  turbines 
drivers  will  be  eliminated.  Cabling  and  cable  t^ays  will,  however,  be  needed 
to  accommodate  the  electric  motor  drivers.  In  general,  a simpler,  neater 
plant  arrangement  would  result  by  using  all  electric  motor  drivers. 


In  summary  the  study  has  shown  the  following: 

o Improved  plant  efficiency  for  the  electric  motor  driver  cycle  compared  to 
the  steam  turbine  driver  cycle. 

o Several  advantages  for  the  standard  design  main  steam  turbine  generator 
of  the  electric  motor  driver  cycle  compared  to  the  custom  design  main 
steam  turbine  generator  of  steam  turbine  driver  cycle. 

o No  increase  in  total  plant  cost  for  the  electric  motor  driver  cycle 
compared  to  the  steam  turbine  driver  cycle. 

o Elimination  of  the  need  for  special  desie.n  industrial  steam  turbine 
drivers  with  the  electric  motor  driver  cycle. 

o Simpler,  neater  plant  arrangement  with  the  electric  motor  driver  cycle 
compared  to  the  steam  turbine  driver  cycle. 
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TABLE  1 


COST  COMPARISON 

ELECTRIC  MOTOR  VERSUS  STEAM  TURBINE  DRIVERS 
(Janury  1981  Dollars) 


Driver 

Steam^ 

2 

Electric 

Application 

Turbines 

Motors 

Oxidant  Compressor 
(2  50%  units) 

$2,402,000 

$ 762,000 

ASU  Air  Compressor 
(1  100%  unit) 

$1 ,203,000 

$ 381,000 

Boiler  Feed  Pump 

$ 950,000^ 

$ 202,000 

(2  50%  units) 
Subtotal  (Drivers) 

$4,550,000 

$1,345,000 

Main  Turbine  Generator 

$11.540.000-$13.849.000^’^ 

$15. 696.000' 

Total  (Turbine  Generator 
& Drivers) 

$16,090,000-$18,399,000 

$17,041,000 

1 Includes  condenser 

2 Includes  switchgear  and  transformers 

3 Cost  estimate  based  on  900®F  steam  to  turbine.  Vendors  would  not  supply 
1 . 3 MW  steam  turbine  using  1000®F  steam. 

4 Cost  based  on  General  Electric  price  list.  Escalated  from  $1975  to 

$1981  using  Equipment  Cost  Index  Factors  published  in  Chemical  Engineering, 
by  McGraw-Hill  Publications 

5 CAI  estimated  cost  range  lor  a custom  designed  125  MWe  steam  turbine 
generator . 
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ABSTRACT 

The  University  of  Tennessee  Spsce  Institute  (UTSI)  conducted  performsnce 
testing  on  a Micro  Motion  Coriolis  flow  meter  using  pulverized  coal  in  a gas 
stream  as  the  flow  medium.  Their  evaluation  report  has  been  reviewed  by 
Gilbert  Associates  (GAI)  cniJ  the  reviewers,  based  on  the  (UTSI)  test  results 
and  on  corroborating  evaluations  of  similar  flow  meters  by  GAI  personnel 
concur  in  the  recommendations  that  the  flow  meter  has  good  potential  for  use 
in  MHD  coal  and  seed  injection  systems.  Areas  of  concern  with  regard  to 
gas-particle  ratios  and  vibration  effects  and  probable  solutions  are  discussed 
and  the  types  of  additional  testing  needed  to  resolve  equipment  uncertainties 
are  outlined. 
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SUMMARY 

Coal  fired  MHD  generating  systems  require  continuous  monitoring  and  accurate 
control  of  multiphase  mass  flows  of  pulverized  coal/gas  and  seed/gas  mixtures 
to  the  combustion  chamber  to  insure  uniformity  of  the  high  temperature  plasma. 
As  a means  of  providing  that  capability  the  University  of  Tennessee  Space 
Institute  (UlSI)  recently  tested  the  Micro  Motion  Coriolis  flow  meter  by 
monitoring  multiphase  flows  of  pulverized  coal  and  its  nitrogen  gas  carrier. 
This  flow  meter  showed  promise  as  a practical  means  for  monitoring  mass  flows 
directly.  The  operation  of  the  flow  meter  is  based  on  imparting  a Coriolis 
acceleration  to  the  fluid  flowing  through  a U-shaped  sensor  tube  within  the 
meter  and  measuring  the  angular  deflection  of  the  U-tube  resulting  from  the 
forces  acting  upon  the  tube. 

The  UTSI  coal  feed  system  was  used  to  monitor  pulverized  coal/nitrogen  gas 
mixtu'^es  at  flow  rates  varying  from  0.45  to  1.34  Ibm/sec  and  with  coal/gas 
mass  ratios  varying  from  dense  phase  coal  down  to  a coal/gas  mass  ratio  of 
49:1.  Test  results  showed  that  the  Micro  Motion  flow  meter  accurately 
monitored  dense  phase  coal  flow  and  followed  flow  fluctuations  and  minor 
slugging  in  the  flow  with  good  response,  for  coal/gas  mass  ratios  down  to 
about  130:1.  Below  coal/gas  mass  ratios  of  130:1  clugging  in  the  flow  became 
severe  and  the  flow  meter  behaved  erratically  w’lh  ncorrelated  response  to 
flow. 

Slugging  flow  is  not  desired  in  MHD  coal  feed  systems  and  the  sensitivity  of 
the  Micro  Motion  flow  reter  to  fluctuations  in  the  flow  makes  it  a promising 
design  aid  for  determining  flow  limitations  in  new  MHD  coal  feed  systems  as 
well  as  a device  for  adjusting  and  steadying  flows  in  estalished  systems. 

The  prel iminary  tests  conducted  at  UTSI  indicate  good  performance  potential  of 
the  flow  meter  for  MHD  application.  UTSI  was  successful  in  ut.lizing  the 
Micro  Motion  flow  meter  to  establish  the  desired  coal  flow  rate  without 
slugging  or  other  flow  oscillations  in  their  MHD  coal  flow  system.  However, 
the  flow  ranges  and  conditions  considered  during  testing  are  not  those 
presently  defined  for  the  Engineering  Test  Facility  (ETF),  which  is  to  be  a 
200  megawatt  electrical  (MU'e)  net  output  MHD  power  plant. 

The  Micro  Motion  Coriolis  flow  meter  has  proven  successful  in  hundreds  of 
various  applications  and  preliminary  assessment  by  Gilbert  Associates  (GAI) 
concurs  with  the  findings  ol  UTSI  that  the  Micro  Motion  flow  meter  shows  high 
potential  for  use  in  monitoring  pulverized  coal  flows  in  MHD  coal  supply 
systems.  GAI  also  feels  that  this  flow  meter  looks  promising  for  use  in  the 
ETF  and  recommends  that  further  testing  under  ET’^  simulated  conditions  be 
conducted . 
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I OBJECTIVE 

rijc  objective  of  this  report  was  a preliminary  assessment  of  the  report 
"EVALUATION  OF  A CORIOLIS  MASS  FLOW  METER  FOR  PULVERIZED  COAL  FLOWS". 

The  evaluation  was  performed  by  the  University  of  Tennessee  Space 
Institute  (UTSI)  and  the  assessment  is  part  of  the  investigation  as  to 
the  potential  value  of  the  mass  flow  meter  for  measuring  flow  rates  of 
transport  gas  - particulate  mediums. 

I I INTRODUCTION  AND  BACKGROUND 

Coal  fired  Magnetohydrodynamic  (MUD)  energy  conversion  systems  require 
continuous  monitoring  of  the  multiphase  mass  flows  of  pulverized  coal/ 
gas  and  seed/gas  mixtures.  Accurate  control  of  the  admission  rate  of 
these  mixtures  to  the  combustion  chamber  is  required  to  insure  uniformity 
of  the  high  temperature  plasma  and  smooth  operation  of  the  MHD  generator. 

The  University  of  Tennessee  Space  Institute  (UTSI)  recently  conducted 
performance  testing  on  the  Micro  Motion  Coriolis  flow  meter  by  monitoring 
pulverized  coal  flow.  The  pulverized  coal  stream  consisted  of  a 
multiphase  mixture  of  pulverized  coal  and  its  nitrogen  gas  carrier. 

The  Micro  Motion  mass  flow  meter  was  tested  by  UTSI  because  it  showed 
promise  as  a practical  means  for  continuously  monitoring  mass  flow 
directly  without  dependence  on  the  properties  of  the  flowing  medium.  The 
purpose  of  the  UTSI  investigation  was  to  determine  the  applicability  of 
this  flow  meter  to  an  operational  MHD  power  system  and  to  assess  the 
meter's  ability  to  emit i mious ly  monitor  the  mass  flow  of  pulverized 
eoa 1 /n i L rogen  gas  mixtures  and  to  identify  and  correct  operational 
problems . 

I' r i^c i pie  o f Opera ^ on 

A number  of  techniques  have  been  developed  for  measurement  of  multiphase 
flows.  For  coal  feeding,  a timed  measurement  of  the  supply  hopper  weight 
or  volume  has  been  used  to  measure  the  average  mass  flow  in  situations 
where  high  frequency  fluctuations  are  not  critical.  For  seed,  there  is 
no  previous  operatii>nal  measurement  experience.  Most  conventional 
techniques  measure  a quantity  that  implies  mass  rather  than  measuring  the 
mass  directly  and  none  of  these  techniques  has  been  demonstrated  to  be 
.ipplicanle  to  the  me'asurement  of  coal  on  a continuous  basis. 

Ihe  principal  sensing  clement  of  the  Micro  Motion  flow  meter  is  an 
obslructionless  U-shaped  tube  that  is  vibrated  by  an  electromagnetic 
oscillator  while  the  flow  passes  through  it.  Each  moving  particle  within 
the  Lube  is  thereby  subjected  to  a Coriolis  acceleration.  The  resulting 
forces  angularly  deflect  tlie  U-tube  by  an  amount  that  is  inversely 
proportional  to  the  stiffness  of  the  Lube  and  directly  proportional  to 
the  mass  flow  rate  within  the  tube.  This  angular  deflection  is  measured 
with  an  optical  detector  twice  during  each  cycle  of  tube  oscillation. 

The  output  from  the  optical  detector  is  a pulse  that  is  width  modulated 
proportional  to  the  mass  flow  rate.  An  osci 1 lator/counter  digitizes  the 
pulse  width  and  a mass  flow  rate  signal  is  generated  for  display  or 
control  use. 
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The  lol  lowing  reference  literature,  descriptive  of  the  apparatus  is 
included  in  the  appendix  of  this  report: 

o Coriolis/Gyroscopic  Flow  Meter,  reprinted  from  MECHANICAL 
ENGINEERING,  March  1979. 

o Gyroscopic  principle  key  to  mass  flow  meter,  reprinted  from 
CANADIAN  CONTROLS  ♦ INSTRUMENTS,  January  1978. 

UTS I Coal  Feed  Sysl 

The  UTSI  coal  feed  systeri  was  designed' to  deliver  pulverized  coal  to  the 
UTSl  MHD  Research  Facility  combustor  at  adjustable  rates  between  0.3  and 
1.1  Ibm/sec.  By  pressurizing  a supply  hopper  with  nitrogen,  coal  is 
forced  through  3/4"  diameter  (0.652"  I.D.)  stainless  steel  tubing.  Near 
the  base  of  the  hopper,  nitrogen  transport  gas  can  be  injected  into  the 
tubing  to  aid  in  transporting  the  pulverized  coal  through  the  supply 
tubing.  The  coal  flow  rate  is  controlled  by  adjusting  the  hopper 
pressure  (up  to  100  psig)  and  the  transport  gas  pressure  (up  to 
115  psig).  Most  of  the  testing  was  conducted  with  the  Micro  Motion  flow 
meter  inst.illed  in  the  supply  tubing  just  downstream  of  the  transport  gas 
injection  point,  thereby  measuring  multiphase  coal/gas  mixtures.  Tests 
were  also  conducted  with  the  flow  meter  installed  upstream  of  the 
tranpsort  gas  injection  point  where  a steady  flow  of  pulverized  coal 
existed. 

Calibration  of  the  flow  meter  for  coal/nitrogen  gas  flows  was  performed 
by  diverting  the  desired  coal  flow  to  a weighing  barrel  for  two  minutes. 
The  coal  flow  rate  obtained  from  the  timed  weight  change  was  used  to 
calibrate  the  average  reading  of  the  flow  for  that  same  rate. 

1 1 I TECHN 1 CAI^ EVALUATION  REVIEW 

E v\i  1 1 1 at_i mi  of  UTSI  R epor t and  Tests 

Rtlore  attempting  to  measure  coal  flow  rates,  UTSI  adjusted  and 
calibrated  the  flow  meter  using  water  as  the  flowing  medium.  Initial 
ailjustment  is  done  by  obtaining  a stable  meter  output  signal  of  zero  at 
no  flow  with  the  flow  lube  completely  filled  with  fluid.  The  meter 
output  was  recorded  for  water  flow  rates  ranging  from  0.17  to 
1.25  Ibm/sec.  Results  were  analyzed  and  they  confirmed  the 
manu f ac turer ' s claim  that  the  flow  meter  does  respond  linearly  to  mass 
flow  rate. 

The  flow  meter  was  c.ilibrated  by  comparing  meter  output  with  load  cell 
measurements  of  coal  hopper  weight  loss.  The  supply  hopper  and  coal  feed 
line  were  vibr.ited  to  simulate  MHD  power  generating  conditions  and  load 
cell  me.isuremcnts  of  coal  hopper  weight  loss  were  averaged  over  7 second 
intervals  in  an  effort  to  eliminate  vibration  effects  from  actual  weight 
loss  measurements.  The  flow  meter  was  installed  downstream  of  the 
nitrogen  gas  injection  point  and  UTSI  test  results  indicated  the  flow 
meter  followed  the  flow  fluctuations  of  the  pulverized  coa 1 /ni trogen  gas 
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mixtures  for  high  coal  to  nitrogen  gas  ratios  (where  slugging  was  minor) 
with  good  response.  Slugging  was  minor  at  a coal  to  gas  ratio  greater 
than  about  250:1.  Testing  was  continued  as  the  coal  to  nitrogen  gas 
ratio  was  decreased.  Slugging  of  the  flow  became  more  pronounced  and  at 
a coal/gas  ratio  below  128:1  the  flow  meter  exhibited  erratic  behavior 
with  uncorrelated  response  to  coal  flow.  With  the  aid  of  the 
manufacturer  this  problem  was  traced  to  damping  of  the  U-tube  oscillation 
by  the  slugging  flow.  Slugging  flow  is  not  desired  in  MHD  coal  feed 
systems  and  in  this  sense  the  meter  may  become  valuable  as  a design  aid 
for  new  MHD  coal  supply  systems  as  well  as  a device  for  adjusting  and 
steadying  flows  in  established  systems. 

The  flow  meter  was  later  installed  upstream  of  the  transport  gas 
injection  point  where  a steady  flow  of  coal  existed,  and  observed  in  two 
actual  MHD  power  generation  experiments.  Vibration  problems  were 
initially  encountered  because  the  meter  was  not  rigidly  mounted  and  the 
vibration  caused  a drift  in  the  calibrated  zero  reading.  The  problem  was 
corrected  with  firmer  remounting  and  there  was  no  mention  of  the  problem 
reoccurring . 

GAI  personnel  have  used  the  Micro  Motion  flow  meter  for  monitoring  flows 
in  a developmental  gas  fired  absorbtion  heat  pump.  The  flow  system 
contained  a high  pressure  solution  pump  which  pulsated  during  operation. 
The  pulsations  of  the  fluid  were  minor  and  did  not  affect  the  accuracy  of 
the  meter.  However,  some  minor  piping  support  changes  were  made  and  the 
stable  meter  output  signal  was  no  longer  obtainable.  Instability 
resulted  from  the  presence  of  external  vibrations  being  transmitted  to 
the  meter.  The  problem  was  solved  by  restraining  the  flanges  at  the 
inlet  and  outlet  of  the  meter  flow  tube.  The  ability  of  the  meter  to 
identify  vibration  interference  will  be  necessary  in  MHD  applications 
because  once  the  flow  meter  is  installed  in  an  operating  MHD  system, 
changes  in  operating  conditions  may  form  new  vibration  mechanisms  that 
could  begin  to  affect  the  meter  stability.  However,  based  on  other 
operational  experiences,  as  described  above,  GAI  does  liOL  feel  that 
vibration  will  be  a major  problem  in  applying  the  m-.iter  to  MHD 
applications.  GAI  does  feel  that  more  operating  and  add..Lional 
installation  experience  is  needed. 

Subsequent  tests  with  the  meter  installed  downstream  of  the  nitrogen  gas 
injection  point  again  showed  that  the  meter  output  became  completely 
erratic  when  the  coal/gas  ratio  decreased  below  128:1.  For  higher 
coal/gas  mass  ratios  the  Micro  Motion  flow  meter  indicated  the  existance 
of  periods  of  fairly  uniform  frequency  f luctuatior.s  in  the  flow  with 
slugs  of  coal  and  nitrogen  gas  alternately  flowing  in  the  coal  line.  The 
observable  correlation  by  UTSI  indicated  that  the  Micro  Motion  flow  meter 
has  a good  frequency  response  to  variation  in  mass  flow  for  high  to 
moderate  coal/gas  mixture  ratios  where  slugging  flow  is  not  pronounced 
enough  to  damp  U-tube  oscillation. 

The  flow  meter  has  also  been  used  in  recent  UTSI  research  facility  coal 
burning  experi.*nents  without  problems.  They  have  developed  a procedure  to 
control  coal  and  nitrogen  flow  from  startup  using  the  flow  meter  as  a 
monitor.  When  the  approximate  desired  coal  flow  rate  is  established  the 
nitrogen  content  is  adjusted  until  the  flow  becomes  steady.  By 
monitoring  the  U-tube  oscillation  frequency,  changes  in  the  pulverized 
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loal  lo  tiitrogen  ratio  is  immediately  detected.  The  flow  meter  has  also 
been  used  to  confirm  established  steady  fuel  flow  and  monitor  fuel  flow 
in  the  UTSI  HMD  research  facility  experiments. 

Application  to  Commercial  MHD  Systems 

The  preliminary  tests  conducted  at  UTSI  are  encouraging  and  they  indicate 
good  performance  of  the  flow  meter.  However,  only  limited  conclusions 
can  be  drawn  to  the  applicability  of  the  flow  meter  to  a commercial  size 
system.  Test  results  also  indicate  to  GAI  that  the  UTSI  coal  feed  system 
is  limited  in  its  ability  to  convey  coal/gas  mixtures  below  a ratio  of 
128:1  without  the  flow  becoming  unsteady.  The  operating  conditions  and 
limitations  of  the  UTSI  coal  feed  system  were  identified  during  testing 
of  the  Micro  Motion  flow  meter. 

The  major  benefit  of  this  flow  meter  could  be  its  ability  to  perform  two 
needed  functions  in  a MHD  coal  feed  system: 

0 Monitoring  and  control  of  the  true  mass  flow  rate  of  pulverized 
coal  mixtures  with  measurements  virtually  unaffected  by  the 
mixture  properties.  Tests  have  shown  that  the  manufacturer's 
claim  of  true  linear’ ty  between  meter  output  and  macs  flow  is 
valid.  However,  severe  slugging  will  have  a detrimental  effect 
on  instrument  performance. 

o Detection  and  the  accurate  measurements  of  flow  fluctuations 
from  first  appearance  of  fluctuations  up  to  severe  slugging. 
Even  minor  flow  fluctuations  could  be  detrimental  to  MHD 
opeiation  and  the  ability  to  quickly  detect  and  control  these 
fluctuations  is  critical.  This  ability  will  permit  evaluation 
of  operational  conditions  when  the  coal  and  transport  gas  are 
well  mixed  and  is  a valuable  design  aid  for  evaluating  new  and 
existing  MHD  coal  feeding  systems  and  for  mapping  out  system 
flow  range  and  slugging  limits. 

In  addition  to  the  meters  analog  and/or  frequency  output  which 
is  proportional  to  mass  flow  rate,  the  meter  is  also  equipped 
with  an  output  for  determining  the  time  period  of  the  U-tube 
oscillation.  The  natural  frequency  of  the  U-tube  is  a function 
of  the  pipe  geometry  and  materials  and  is  also  related  to  the 
density  of  the  fluid  within  the  pipe.  Without  knowing  the 
actual  temperature  of  the  flowing  fluid  or  the  temperature 
distribution  of  the  U-tube  itself,  one  may  not  obtain  a;i  exact 
correlr<tion  between  density  and  the  natural  frequency  of  the 
U-tubc.  However,  as  the  density  of  the  flowing  medium 
decreases  the  oscillation  frequency  will  increase.  This  output 
could  be  used  to  monitor  and  control  any  relative  density 
changes  and  thus  the  coal  lo  transport  gas  ratio  thereby 
eliminating  potential  problems  associated  with  fluctuations  in 
the  plasma  properties. 
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Dcvel opment  Require ments 

The  Engineering  Test  Facility  (ETF)  has  been  conceptually  defined  as  a 
200  megawatt  electrical  (MWe)  net  output  MHD  power  plant.  This  size  ETF 
will  require  a coal  input  of  47  Ibm/sec.  The  largest  size  flow  meter 
that  Micro  Motion  currently  produces  contains  a 2"  flow  tube  and  has  a 
flow  rating  of  33  Ibm/sec.  This  is  not  the  meter's  maximum  rating  but  is 
based  on  a nominal  flow  rate  of  water  that  produces  a 10  psi  pressure 
diop.  The  maximum  flow  rate  of  this  meter  is  limited  only  by  the 
allowable  pressure  drop  up  to  a flow  rate  of  about  65  Ibm/sec.  If  the 
resutling  pressure  drop  is  higher  than  described  in  the  ETF  coal  supply 
system,  two  flow  meters  could  be  installed  in  parallel  for  a coal  flow 
mrasurement. 

Micro  Motion  specifies  the  temperature  limitation  of  the  medium  flowing 
through  the  meter  as  257®F  (125“C).  At  higher  temperatures  forced 
circulation  cooling  is  required  to  p»"event  thermal  damage  to  the  optical 
detector  system.  This  limitation  is  due  to  the  small  distance  between 
the  ll-tube  and  the  optical  detector  which  has  a maximum  temperature 
rating  of  347°F  (175“C).  However,  Micro  Motion  also  informs  GAI  that 
there  are  several  successful  installations  where  higher  fluid 
temperatures  are  accommodated  by  piping  nitrogen  or  cooling  air  through 
the  meter.  For  direct  application  to  the  ETF  the  following  operating 
conditions  as  presently  defined  should  be  considered  for  further  testing: 

0 Mixtuie  temperature  range:  100  to  400“F 

0 Pressure  conditions:  1 to  10  Atm. 

o Coal/gas  mass  ratio:  10:1  to  350:1 

o Seed/gas  mass  ratio-  10:1  to  350:1 

o Coal  types:  Eastern  bituminous  and  western  sub-bituminous* 

o Design  coal  flow  rate:  lb9056  Ibm/hr  (47  Ibm/sec) 

The  minimum  density  of  the  flowing  medium  required  for  accurate  meter 
response  should  also  be  determined  as  t.'^e  flow  meter  may  impose  a minimum 
coal  to  gas  mixture  ratio. 

The  application  of  the  Coriolis  Flow  Meter  to  gas-particle  flow 
measurement  in  MHD  systems  is  promising.  Micro  Motion  has  experience  in 
designing  electronic  laboratory  equipment,  electromechanical  products  and 
weighing  instruments.  The  method  that  Micro  Motion  uses  to  measure  tube 
deflection  is  based  on  well  accepted  engineering  principles.  Results 
indicate  that  t'  ey  have  produced  an  accurate  flow  meter  with  no  moving 
parts  to  wear.  Solid  state  electronics  are  used  throughout. 

The  flow  meter  has  |)roven  successful  in  hundreds  of  applications  and 
according  to  the  limited  UTSI  test  results  the  Micro  Motion  flow  meter 
was  successfully  used  lor  establishing  the  desired  coal  flow  rate  without 
slugging  or  other  flow  oscillations  in  their  MHD  coal  supply  system. 

In  addition  to  the  meter's  accuracy  and  linearity,  the  design  simplicity 
offers  many  advantage.  Completely  non-intrusive,  there  are  no  moving 
parts  in  cont.ict  with  the  flowing  medium. 

DTSI  did  not  indicate  the  tvpe  of  coal  utilized  in  their  tests. 
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The  flow  meter  provides  accurate  measurement  with  wide  rangeability.  The 
meter  is  easily  calibrated  and  simple  procedures  for  respanning  and 
rescaling  the  flow  meter  are  provided  by  the  manufacturer. 

RtXOMMfNDATIONS  AND  CONCLUSIONS 


Preliininarv  assessment  concludes  that  the  Micro  Motion  flow  meter 
demonstrated  the  capability  of  continuous  metering  of  the  mass  flow  of 
pulverized  coal/nitrogen  gas  mixtures  in  a MHD  supply  system.  The  UTSI 
test  results  showed  the  flow  meter  followed  the  flow  fluctuations  with 
good  response.  The  flow  meter  also  shows  the  additional  capabilities 
covered  in  this  report. 

GAI  recommends  that  further  testing  under  ETF  simulated  conditions  be 
conducted  where  coal/gas  and  seed/gas  flows  into  a pressurized  combustor 
may  be  monitored  and  evaluated.  The  accuracy,  and  equally  important,  the 
stability  of  the  flow  meter  during  actual  coal-fired  MHD  operation  should 
be  assessed.  Installation  and  operational  procedure  guidelines  are 
needed  for  application  to  commercial  size  MHD  generating  systems. 

At  this  time  the  flow  meter  cost  impact  on  plant  economics  appears 
negligible  and  the  potential  for  improvement  of  system  performance  and 
reliability  would  warrent  a fairly  substantial  development  effort. 

Facilities  that  have  ordered  the  Micro  Motion  flow  meter  for  use  with 
either  a coal  slurry  or  a coal/nitrogen  mixture  include: 

Adelphi  University,  Garden  City,  NY;  Amoco,  Naperville,  IL;  Pittsburgh 
Energy  Technology  Center,  Pittsburgh,  PA  and  Texaco,  El  Monte,  CA.  It 
m.iy  prove  worthwhile  to  contact  these  facilities  for  any  operating  data 
th.it  lliey  may  have  .ilre.idy  obtained. 


K.  0.  PLACHE^ 
Micro  Motion,  Inc.,  Bouldor,  Colo. 


Here's  a.  unique  mass  flow  meter  that 
monitors  the  motion  of  each  molecule  of 
flowing  material  and  sums  all  of  the  flow 
forces  to  generate  a total  force  that  is  an 
accurate,  linear  measurement  of  mass 
flow.  The  meter,  which  can  be  used  to 
measure  the  flow  of  gases,  liquids,  ornon^ 
homogeneous  substances,  uses  electro^ 
optical  techniques  to  sense  the  forces. 

To  measure  the  rate  of  mau  passing  through  pipe,  it 
is  first  necessary  to  fully  comprehend  how  mau  itself 
can  be  jieasured.  Newton’s  second  law  (F*MA)  pro* 
vides  the  means  of  measuring  mau.  The  law  statu  that 
v/hen  an  unbalanced  system  of  forces  acts  on  a body,  it 
producu  an  acceleration  in  the  direction  of  the  unb^* 
anced  forcu  that  variu  inversely  and  proportionally  to 
the  mass  of  the  body.  The  important  concept  is  ^t 
mass  cannot  be  meuured  without  applying  a force  on 
the  system  and  then  meuuring  t^e  ruvdting  accelera- 
tion. 

There  are  obvious  difficultiu  in  musuring  the  ac- 
celeration of  a fluid  due  to  a given  force.  Therefore, 
most  flow  meters  on  the  market  today  meuure  a ^ 

quantity  that  impliu  mau — instead  of  meuuring  that 
mass  directly.  One  example  of  an  inferred  mau  flow 
meter  is  the  thermal  type  meter  which  meuuru  the 
implied  mau  rate  of  flow  under  certain  rutrictions  such 
as  constant  specific  heat.  Another  inferred  method  is 
by  use  of  a volume-type  meter  with  proper  corrections 
for  temperature,  specific  gravity,  and  preuure.  The  ^ 

mass  flow  rate  is  bued  on  a computation  using  these  ^ 

several  parameters. 

There  is  a need  to  measure  mass  flow  directly,  and  ^ 

devices  have  been  developed  to  accomplish  this  difficult 
tuk.  The  angular  momentum  mau  flow  meter  consists 
of  an  impeller  to  impart  a swirl  to  the  flowing  fluid  and  I 

a means  to  meuure  the  amount  of  torque  required  to  | 

remove  the  swirl  that  is  generated.  The  concepts  of  \ 

measuring  Coriolis  forces  and  measuring  gyToscopic 
precession  have  been  investigated  and  development 
work  has  been  going  on  for  many  years.  The  major 
problems  associated  with  such  meters  is  the  difficulty 
in  measuring  the  extremely  small  forces  produced. 

This  article  describes  a mus  flow  meter  that  suc- 
cessfully uses  the  gyTOScopic  or  Coriolis  principle  in 
diiectly  meuuring  the  mass  flow  rate.  It  also  describes 
the  development  of  a new  and  simple  method  of 
applying  electro-optical  techniques  to  make  use  of  these 
concepts  practical.  i 

The  new  g\i  Dscopic  mas.«  flow  meter  developed  by  the  3 

author's  company  employs  a C -shaped  pipe*  and  a T- 
shaped  leaf-spring  as  opposite  legs  of  a tuning  fork,  Fig. 

1.  An  electromagnetic  forcer  excites  the  tuning  fork, 
thereby  subjecting  each  mo\ing  particle  within  the  pipe 
to  a Coriolis-type  acceleration.*  The  resulting  forces 
angularly  deflect  the  C-shaped  pipe  an  amount  that  is 
inversely  proportional  to  the  stiffness  of  the  pipe  and 
propor*  ipnal  to  the  mass  flow  rate  within  the  pipe. 

• Mem.  asME. 

5 Thi»  C-»h*ped  confiruraiion  can  be  recopnired  one- half  of  the 
|i«ip  of  the  cL»»iial  pyrovcopif  ma»i  flo*  meier. 

Coriolir  acftleraiiun.  doe  to  anpular  roialior.  described  leier 
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The  angular  deflection  of  the  pipe  is  optically  mea- 
sured twice  during  each  cycle  of  the  tuning-fork  oscil- 
lation. The  output  of  the  optical  detector  is  a pulse  that 
is  width  modulated  proportional  to  the  mass  flow  rate. 
An  oscillator/counter  digitizes  the  pulse  width  and 
displays  a numerical  indication  of  mass  flow  rate. 

The  total  mass  flow  over  a given  time  interval  is  ob- 
tained using  a digital  integrator  to  sum  the  pulses  of  the 
flow  rate  indicator.  In  this  way  totalized  flow  is 
updated  each  oscillation  of  the  tuning  fork. 

This  mass  flow  meter  eliminates  the  many  problems 
associated  with  mass  flow  measurement  The  output 
of  the  meter  is  directly  proportional  to  mass  flow  rate; 
consequently,  there  is  no  need  to  measure  the  critical 
parameters  of  pressure,  velocity,  temperature,  viscosity, 
or  density.  There  are  no  parts  in  the  flowing  fluid  and 
accuracy  of  the  meter  is  unaffected  by  erosion,  corro- 
sion, or  scale  buildup  in  the  flow  sensor. 

In  laboratorv'  tests  on  prototype  units,  accuracies  in 
the  order  of  ^0.2  percent  FS  have  been  recorded  using 
fluids  ranging  in  specific  gravity  from  0.5  to  2.5  and  in 
flow  rates  from  0.1  to  25  Ib/min,  Fig.  2.  The  flow  meter 
is  linear  to  «*ithin  ±0.2  percent  FS  over  the  total  flow 
range.  Tests  have  been  conducted  using  both  Newto- 
nian and  non-Neutonian  fluids  with  a wide  range  of 
viscosities;  the  results  indicate  the  meter  is  totally  in- 
sensitive to  viscosit)'.  With  the  meter  it  is  now  possible 
to  measure  pulsating  flow  and  two-phase  flow. 

In  discussing  the  concepts  for  measuring  mass  flow 
with  a meter  based  upon  the  principles  of  Coriolis  force 
<>r  gyroscopic  precession,  an  explanation  of  Coriolis 
force,  the  force  that  cause  a gyroscope  to  precess,  is  in 
order. 

Coriolis  force  is  generally  associated  with  a contin- 
uously rotating  sv’stem.  Coriolis  force  due  to  the  earth’s 
rotation  causes  u’inds  from  a high-pressure  area  to  spiral 
outward  in  a clockwise  direction  in  the  northern  hemi- 
sphere and  counterclockwise  in  the  southern  hemi- 
sphere. Depending  on  location,  a projectile  fired  from 
a gun  in  the  northern  hemisphere  will  appear  to  veer 
slightly  to  its  right,  and  to  the  left  in  the  southern 
hemisphere.  Figure  3 illustrates  how  the  effect  of  Co- 
riolis force  can  be  experienced.  A body  moving  on  a 
rotating  frame  of  reference  such  as  a turntable  or  a 
merry-go-round  will  experience  a lateral  force  and  one 
must  lean  sideways  in  order  to  move  forward  when 
walking  outward  along  a radius. 

Gyroscopic  Precession 

G\Toscupic  precession  is  a property  of  gjToscopes  that 
IS  exhibited  when  a torque  is  applied  at  right  angles  to 
the  spin  axis.  The  torque  will  produce  a rotation  at 
right  angles  both  to  the  spin  axis  and  the  applied  torque 
axis.  To  better  understand  this,  imagine  a gyroscope 
.vith  its  flywheel  in  a vertical  plane,  spinning  about  its 
horizontal  axis,  and  supported  at  one  of  its  ends.  Th** 
spinning  flywheel  is  apparently  resisting  the  force  of 
gravity  and  at  the  same  time  it  moves  around  its  point 
of  support  in  the  horizontal  plane.  This  movement  is 
called  precession. 

In  es.sence  the  Coriolis  force  and  gyroscopic  preces- 
sion are  a result  of  the  srme  principle.  Viewed  in  a 
simplified  manner.  Coriolis  force  involves  the  radial 
nirivement  of  nia.s.i  from  one  point  on  a rotating  body  to 
a second  point.  As  a result  of  such  movement,  the  pe- 
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ripheral  velocity  of  the  mass  changes,  which  means  t><e 
mass  is  accelerated.  The  acceleration  of  the  mass,  in 
turn,  generates  a force  in  the  plane  of  rotation  and 
perpendicular  to  the  instantaneous  radial  movement. 
Such  forces  are  responsible  for  preceuion  in  gyro* 
scopes. 


Qanarai  Oparalion 

Operation  of  the  Coriolis  or  gyroscopic  mass  flow 
meter  is  most  easily  explained  by  referring  to  Fig.  4, 
which  depicts  a section  of  pipe  located  on  a revolving 
earth  with  a north/south  orientation.  As  a mass  travels 
longitudinally  through  the  pipe  with  a velocity  V,  a 
Coriolis  force  F is  present  that  tends  to  rotate  the  pipe 
about  an  axis  that  is  parallel  to  the  axis  of  the  ea^'s 
rotation.  The  magnitude  of  this  force  F is  extremely 
small  and  can  be  calculated  as  follows: 

F - 2MSXV-  (1) 


where:  M is  the  mass  of  the  fluid  in  the  pipe;  u>  is  the 
angular  velocity  of  the  earth;  V is  the  velocity  of  the  fluid 
in  the  pipe;  and  X is  the  vector  cross  product  opera- 
tion. 

In  Eq.  1,  it  should  be  noted  that  the  angular  velocity 
term  m is  not  restricted  to  the  domain  of  constant  an- 
gular veloci  ty . The  Coriolis  f orce  is  also  present  if  the 
platform  angularly  oscillates  with  a peak  angular  ve- 
locity te)p.  The  associated  Coriolis  force  Fp  is  now  an 
oscillatory  force,  but  nevertheless,  it  is  a force  with  a 
peak  value  proportional  to  the  mass  and  its  velocity. 

The  sketch  in  Fig.  5 is  of  the  C-shaped  pipe  and  shows 
both  the  axis  of  oscillation  (u)  and  a unit  length  of  fluid 
within  each  leg  of  the  pipe. 

It  is  seen  that  the  velocity  vectors  Vj  and  Vj  are  per- 
pendicular to  the  angular-rotation  vector  (w),  and  that 
the  Coriolis  force  vectors  fd  and  fcs  are  opposite  in  di- 
rection since  the  velocity  vectors,  Vj  and  Vg,  are  in  op- 
posite directions.  When  the  flow  meter  is  in  operation, 
the  angular  velocity  (u.-)  is  a sinusoidal  function,  as  with 
any  tuning  fork,  and  the  forces  fei  and  fa  are  therefore 
sinusoidal  and  180  deg  out  of  phase  with  each  other. 
Forces  fd  and  feg  create  an  oscillating  moment.  Mi 
about  axis  0,  as  illustrated  in  Fig.  5.  The  moment  can 
be  expressed  as  a force  times  a distance. 


.iM  » fciri  + fejrg 


If  we  assume  a s>7nmetrical  geometry,  the  two  terms  are 
the  same,  and: 


AM  “ 2fdri  * 4MiViwri 


by  substituting  for  fc  from  Eq.  1.  If  the  units  of  Mi  Vi 
are  examined: 


Lb  Mass  . , Unit  Length 
Unit  Length  Sec 
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where  AQ  is  the  incremental  mass  flow  rate.  Thus  Eq. 
3 becomes: 


The  total  moment.  M.  about  axis  0 due  to  Coriolis  ac- 
celeration on  all  moving  particles 's  given  by: 
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M ■ ■ /4wr^Q  ■ 4u;rlQ 

wh*re  Q ii  the  mats  flow  rate  in  the  C-thaped  pipe. 

The  moment,  M,  due  to  Coriolis  acceleration  causes 
an  angular  deflect  ion  of  the  C-shaped  pipe  al^ut  the 
central  axis.  This  angular  deflection  can  ot  examined 
using  an  end  view  of  the  C-shaped  pipe,  Fig.  6,  which 
shows  the  resultant  twist-t>'pe  motion. 

The  deflection  angle  9 due  to  the  moment  M is  de- 
termined by  the  spring  constant  of  the  C-shaped  pipe 
system.  This  spring  constant  is  a function  of  the  can- 
tilever stiffneu  of  each  longitudinal  pipe  and  also  the 
torsional  stiffness  of  each  longitudinal  pipe.  For  any 
given  pipe  system; 

Torque  ■ K»J  (6) 

where  ^ is  the  pipe-system  deflection  angle  and  K«  is  the 
pipe  s>*stem  angular  spring  constant. 

Using  this  equation,  one  can  relate  the  mass  flow  rate, 
Q,  to  the  pipe  deflection  angle  as  follows: 


Thus,  the  mass  flow  rate,  Q,  is  directly  proportional 
to  the  deflection  angle,  8,  and  inversely  proportional  to 
the  angular  velocity,  u,  of  the  C-shaped  pipe  system.  In 
considering  the  optical  pickoff  system.  Fig.  7,  one  can 
express  Q as  a function  of  At,  the  time  interval  between 
optical  pulses.  The  excursion  of  the  C-pipe  can  be  ex- 
pressed as  its  velocity  times  the  time  interval.  At,  be- 
tween photo-pulses  Pi  and  ps. 

VpAt  ■ 2t8  or  At  ■ rr-  (8) 

Vp 

where  Vp  is  the  velocity  of  pipe  at  the  position  of  optical 
pickoffs  and  At  is  the  time  inter\'al  that  photo  pickoff 
Pi  leads  or  lags  P2. 

Vp,  the  vertical  velocity  of  the  end  of  the  C-pipe, 
depends  on  the  angular  velocity,  w. 

Vp  - U (9) 

where  L is  the  length  of  the  C-shaped  pipe. 

By  combining  ^s.  8 and  9, 


ne-  S In  epraiion.  nt  matt  flow  motor  toroM.  le,  and  W 
Croat#  an  oaoHaiing  momont.  M.  about  awo.  0 


e 


LtoAl 

2r 


and  by  combining  Ex]S.  7 and  10, 


Q 


KsLu.-At  KsL 


At 


(10) 


(11) 


8 r-w  8r2 

The  mass  flow  rate  is  seen  to  be  a function  of  pipe 
geometry  constanu  and  At,  the  time  interval  between 
photo-pulses.  It  can  also  be  shovTi  that,  if  the  pipe  has 
a zero-fiow’  deflection  angle  fle.  this  error  is  easily  re- 
moved by  comparing  the  time  interval  Ati  of  the 
downward  pipe  movement  with  time  interval  At;  of  the 
upward  pipe  mcvtment.  If  a "no-flow"  condition  ex- 
ists, these  time  intervals  subtract  out,  whereas  a fluid 
flowing  in  the  pipe  causes  different  time  intervals  (de- 
pending on  the  direction  of  angular  travel)  that  are 
detected  as  flow -induced  pipe  moments. 

An  important  feature  of  the  optica!  detection  system 
is  that  deflection-angle  measurements  are  made  near 
the  center  position  of  the  C-pipe  travel.  This  is  im- 
portant because  this  is  the  time  when  the  velocity  and 
the  deflection  angle  are  the  greatest.  Also,  this  center 
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p<*fUlion  of  Iho  C-pipo  i»  the  position  where  the  Anciilar 
acceleration  of  the  pipe  r near  zero,  and  any  unbalance 
between  pipes  i>  least  likely  to  cause  an  angular  de- 
flection that  could  be  interpreted  as  a flow  signal. 

Meehanlea!  Configuration 

The  mechanical  conflguration  of  the  gjToscopic  mau 
flow  meter  is  shown  in  Pig.  1. 

The  T-shaped  leaf  spring  is  clamped  or  welded  to  the 
stationary  inlet/outlet  end  of  the  C-shaped  flow  pipe. 
A magnetic  sensor/forcer  coil  is  mounted  on  the  leg  of 
the  lei^  spring.  A permanent  magnet,  suspended  from 
the  center  of  the  C-shaped  pipe,  passes  through  the 
middle  of  the  sensor/force  coil.  In  oper  .tion,  the  ve- 
locity of  the  leaf  spring  relative  to  ^e  C-pipe  generates 
a voltage  in  the  sensor  coil  that  is  amphfled  and  used  to 
dri\  e the  concentric  force  coil.  The  force-coil  amplifier 
is  gain -controlled  using  a peak -detector  circuit  that 
compares  the  peak-velocity  signal  from  the  sensor  coil 
a-ith  a reference  voltage,  Fig.  8. 

Maas  Flow  Rate  Logie 

Figure  9 illustrates  a slightly  warped  “C”  pipe  with 
two  photo  pickoffs  and  some  circuitry. 

Photo  Plckoff  Logie  CireuN 

Figure  10  is  a timing  diagram  illustrating  the  photo 
pickoff  wave  forms  Pi  and  P2  and  also  the  flip-flop  wave 
forms  f]  and  (2  for  both  a flow  and  a no-flow  condition 
of  the  unit 

Mass  F*ow  Meter  Timing  Diagram 

On  the  timing  diagram,  Fig.  10,  the  continuous  ver- 
tical lines  represent  time  ixttervals  where  photo  pickofTs 
Pi  and  P2  would  switch  if  the  deflection  angle  6 of  the 
"C”  pipe  was  equal  to  zero.  In  the  first  sequence,  that 
>f  no  flow,  photo  sensor  Pi  switches  prior  to  the  vertical 
f ime  reference  on  the  downward  pipe  stroke  because  of 


II  renstant  deflect  ion  angle  0q  either  the  photo  sensor 
alignment  or  "C"  pipe  warp  angle.  On  the  upward 
stroke,  photo  sensor  Pi  switches  laU  with  rasped  to  the 
time  reference  for  the  same  reason.  Photo  sensor  P| 
switches  late  on  the  doanwa^’d  stroke  of  the  "C-shaped 
pipe  and  early  on  the  upward  atroka  becauae  of  tha  no- 
flow angle  fo-  If  one  sets  and  raseta  flip-flop  fi  with  tha 
up-going  adgea  of  photo  aenaor  P|  and  Pt,  wavaform 
■thown  is  easily  derived.  Similarly,  flip-flop  fs  is  set  and 
reset  with  the  up-going  edges  of  the  inverted  photo 
sensor  signals  Pi  end  Pa.  As  illustrated  on  the  timing 
diegrem,  the  positive  area  of  waveform.^  fi  end  f|  are 
equal,  end  if  we  use  these  signals  to  gate  an  oscillator 
into  an  up-down  counter,  the  net  count  will  be  zero 
following  each  pair  of  oscillator  bursta. 

If  the  same  waveforms  are  now  ezezeined  for  ■ flow 
.''ondition,  the  following  situation  is  found  to  axist 
‘.’hoto  sensor  Pi  switches  even  earlier  due  to  e coun- 
terclockwise Coriolis  torque  on.the  down  stroke  of  the 
“C  pipe  end  Pi  switches  slightly  earlier  on  the  up 
stroke  due  to  e clockwise  Coriolis  torque  on  the  "c"  pipe. 
Thi>  seme  Coriolis  torque  causes  photo  sensor  P2  to 
switcii  e little  later  on  the  down  stroke  and  slightly  later 
on  the  up  stroke.  The  waveforms  of  flip-flops  fi  and  fa 
ar:  modified  due  to  the  flow  forces,  end  as  illustrated 
in  the  lower  portion  of  Fig.  1 0,  the  positi\*e  area  of  flip- 
flop  fi  is  now  much  larger  than  that  of  fa  and,  hence,  t^ 
up-down  counter  will  display  a positive  count  tha^  is 
proportional  to  the  difference  in  pulse  widths  of  the  two 
flip-flops.  As  is  obvious,  the  number  accumulated  in 
the  up-down  counter  after  a given  number  of  "C"  pipe 
cycles  will  be  directly  proportional  to  the  time  interval, 
At,  and,  there'Drs,  directly  proportional  to  the  mass  flow 
rau  in  the  "C”  pipe.  This  number  is  not  dependent 
upon  pipe  oscillation  frequency  or  amplitude;  it  is  not 
dependent  upon  cross-sectiond  area  of  the  pipe;  it  is 
only  a function  of  pipe  geometry,  spring  stiffness,  and 
mass  flow  rate  Q,  as  seen  in  Elq.  11. 
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Flow  Totalizer  Circuit 

The  total  mass  flow  between  time  tj  and  tj  is  given  by 
the  equation; 

Total  flow  = r ' Qdt  (12) 

J\7 

where  Q is  the  mass  flow  rate  during  the  time  interval 

d,. 

If  one  examines  the  lower  portion  of  the  tim.ng  di- 
agram of  Fig.  10  it  is  easy  to  see  that  the  above  integra- 
tion can  be  performed  digitally  if  we  take  the  up  count 
pulses  from  the  first  burst  of  flip-flop  fi,  and  subtract 
those  pulses  from  the  first  burst  of  flip-flop  fj,  and  then 
multiply  this  difference  by  the  d,  time  interval  that 
represents  one  total  pipe  oscillation  cv'cle.  Since  the 
time  inter\  al  of  one  “C"  pipe  cycle  is  the  im  erse  of  the 
pipe  frequency,  it  is  an  easy  matter  to  simply  divide  the 
pulse  difference  by  the  pipe  frequency  and  then  con- 
tinuously accumulate  the  quotient  in  a resetable  counter 
that  then  provides  a real  time  display  of  the  totalized 
flow  following  any  preset  zero  reference  time. 

Density  Measurement 

The  natural  frequency  of  the  "C-T”  tuning  fork  (a 
function  of  the  pipe  geometry  and  materials)  is  also 
related  to  the  density  of  the  material  within  the  pipe. 
Thus,  for  a given  pipe  geometry  and  material,  the  spe- 
cific gravity  (density)  of  the  fluid  within  the  pipe  may 
be  determined  by  measuring  the  natural  frequency  of 
the  tuning  fork. 

Tne  pipe  and  leaf  spring  oscillate  ISO  deg  out  of  phase 
with  each  other  in  the  same  manner  as  the  times  of  a 
tuning  fork  oscillate  and,  as  in  the  case  of  the  tuning 
fork,  b'ttle  or  no  ribration  is  coupled  into  the  base.  The 
irequency  of  oscillation  is  determined  by  the  natural 
frequency  of  the  pipe/leaf  spring;  the  amplitude  is 
controlled  by  the  peak  detector  circuit. 


The  period  of  oscillation  of  a spring  mass/system  is 
given  by: 

T = V2w  M/ko  (13) 

where  r is  the  period  of  oscillation.  M is  the  mass  of  the 
system  being  oscillated,  and  ko  is  the  system  spring 
contant 

In  the  case  of  the  pipe/leaf  spring  tuning  fork  of  the 
gyToscopic/Coriolis  flow  meter,  the  mass  being  c .ciliated 
can  be  divided  into  two  parts:  the  mass  of  the  pipe,  Mp, 
and  the  mass  of  the  fluid  in  the  pipe,  Mf.  In  this  case 
the  period  of  oscillation  is: 

Ti  “ Vkj  Mp  -F  Mf  (14) 

where  T|  is  the  period  of  oscillation  of  pipe/leaf  spring 
and: 

ki  = v^2^7ko  (15) 

Since  the  mass  of  the  fluid,  Mf,  is  equal  to  the  volume 
multiplied  by  the  mass  density,  one  can  restate  Elq.  14 
as: 

T = ki  v^k2  + ksDfm  (16) 

where  kx,  kj,  ka  are  all  fixed  constants,  defined  by  the 
geometry’  of  the  flowmeter,  and  Dfm  is  the  density  of  the 
fluid  in  the  “C”  pipe. 

Conclusion 

The  Coriolis/gyToscopic  mass  flow  meter  can  be  used 
to  measure  the  flow  of  gases,  liquids,  or  nonhomo- 
geneous  substances.  It  is  insensitive  to  temperature 
and  pressure  and  caii  be  constructed  using  a variety  of 
materials  to  provide  the  necessary  corrosion  resistance. 
The  unit  provides  a solution  to  the  problems  associated 
with  the  mass  flow  measurement  of  multiphase  flow  and 
cryogenic  mass  flow. 

Based  on  a paper  contributed  by  the  ASME  Research 
Committee  on  Fluid  Meters. 


NO-FLOW  CONDITION 


1 

1 1 

L J 

r 

T r 

1 r 

1 

ri 

j — 'n\ 

j — L 

J — lJ 

1 

fj 

\ 

B 

1 

m 

d 

b 

1 1 

i 1 

i m 

1 1 1 1 

1 

FLOW  CONDITION 


1 1 i 1 1 

i I 

r 

1 r 

1 r 

I 

1 

1 [1 

J L 

U — L 

1 

m 

' fii 

1 

._n 

I 

I 

i 

1 

1 

1 

F 

I 

Fig.  10  Timing  diagram  showing  trie  photo 
p«ii-on  wave  loons  p,  and  p,  and  the 
Ikp-liop  wave  loons  I,  and  I,  in  both  the  How 
(bonom  diagram)  and  no-liow  (top  diagram) 
conditions  The  photo  pick-otls  are 
staggered  so  trial  the  system  can  easily 
detea  subtle  changes  m mass  flow  rate 
Under  no-Dow  condrtions.  the  areas  under 
trie  wave  loons  I,  and  Ij  are  equal  and  the 
area  under  p,  and  Pj  are  unequal  Under 
Dow  conditions,  the  ihp-Hops  t,  and  t]  show  a 
dscrepaney  m a-eas  and  the  up-and-down 
counter  will  d-splay  a count  propooional  to 
the  d'tterence  m their  pulse  widths.  The 
accumulaied  rvumber  in  the  up-down 
counter  sher  a given  number  ol  pipe  cycles 
will  Pe  propooiona'  to  trie  tune  miervai  end 
the  mass  tiow  rate  m me  pipe 
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Gyroscopic  principle 
key  to  mass  flowmeter 


Hurricane  forces  could  be  translated  into  mass  flow  data,  if 
the  parameters  were  sufficiently  controlled  for  analysis.  On  a 
much  smaller  scale,  this  idea  yields  a novel  approach  to 
measuring  lower-volume  flows  . . . 
by  Murray  D.  Wilier,  President 
Wilier  Engineering  Ltd.,  Toronto 


Murray  D Wilier  is  president  of 
Wilier  Engineering  Ltd  , Toronto 
and  is  currently  vice-president. 
District  13,  of  the  Instrument 
Society  of  America  He  is  also  a 
member  of  IEEE.  .Mter  graduating, 


in  mechanical  Engineering  (U  of  T, 
1935)  he  held  a number  of  senior 
administrative  and  executive  posts 
with  several  Canadian  aircraft 
companies,  notably  National  Steel 
Car,  Victory  Aircraft  and  A.  V.  Roe. 


The  gyro^opic  effect,  long 
used  m navigational  instruments  is 
now  being  applied  to  the 
industrial  field  in  a mass 
flowmeter  developed  by  Micro 
Motion  Inc.,  of  Boulder,  Colo. 

Its  origin  can  be  traced  to 
Caspard Coriolis,  who,  in  1835 
demonstrated  that  on  a rotating 
surface,  theie  is  an  inertial  force 
acting  on  a body  at  right  angles  to 
Its  direction  of  motion,  in  addition 
to  the  ordinary  effects  of  motion 
of  the  body.  This  became  known 
as  the  Coriolis  force. 

On  the  Earth,  which  rotates 
eastward,  an  object  that  moves 
along  a north-south  path,  or 
lofigitudinal  line,  will  attempt  to 
undergo  deflection  to  the  right  in 
the  Northern  hemisphere  and  to 
•iie  left  in  the  Southern 
hemisphere 

The  Coriolis  force  on  Earth 
determines  the  general  wind 
directions  and  is  responsible  for 
the  rotation  of  hurricanes  and 
tornadoes.  The  flight  path  of 
aircraft  and  rockets,  and  the 
orbiting  of  space  vehicles  must 
also  be  compensated  for  the 
Coriolis  effect  Another  example  is 
that  force  which  causes  a 
gyroscope  to  precess  when 
angular  inputs  are  applied  to  axes 
other  than  the  spin  axis  In 
essence  the  Coriolis  force  and 
precession  in  a gyroscope  are  a 
result  of  the  same  principle 


An  excited  fork  . . . 

The  mass  flowmeter  developed  by 
Micro  Motion  Inc  uses  this 
Coriolis  or  gyroscopic  principle  for 
measuring  mass  flow  cJirectly 
This  instrument  employs  a C- 
shaped  flow  tube  and  a T-shaped 


leaf  spring  as  opposite  legs  of  a 
tuning  fork.  The  C-shaped 
configuration  can  be  considered 
as  one  half  of  the  loop  of  the 
classical  gyroscopic  mass 
flowmeter. 

An  electro  magnetic  coil  or 
forcer  excites  the  tuning  fork  thus 
subjecting  each  particle  in  the 
flow  tube  to  a Coriolis  type 
acceleration  The  resulting  forces 
angularly  deflect  the  C-shaped 
flow  tube  an  amount  inversely 
proportional  to  the  stiffness  of  the 
pipe,  and  proportional  to  the  mass 
flow  rate  within  the  flow  tube. 

Optical  detectors  measure  the 
angular  deflection  of  the  flow 
tube  during  each  cycle  of  the 
tuning  fork  oscillation.  The  output 
of  the  optical  detector  is  a pulse- 
width  modulated  signal 
propTtional  to  the  mass  flow  rate. 

Since  the  output  of  the  meter  is 
directly  proportional  to  mass  flow, 
there  IS  no  need  to  measure  the 
critical  parameters  of  velocity, 
temperature,  viscosity  or  density. 

The  meter  can  be  used  to 
measure  two-phase  flow  and  can 
also  handle  Newtonian  and  non- 
Newtonian  liquids  with  a wide 
range  of  viscosities 

. . . and  a precise  tune 

The  natural  freque.tcv  ot  the 
tuning  fork  (flow-pipe/leaf-spring 
combination)  is  related  to  the 
density  of  the  fluij  within  the 
flow  tube  For  a specific  pipe 
geometry  and  material,  tne 
specific  gravity  (density)  of  the 
fluid  w ithin  the  pipe  may  be 
determined  from  the  natural 
frequency  of  the  tuning  fork 

An  oscillator/counter  digitizes 
the  pulse-width  signal  and 


displays  the  mass  flow  rate  in  lb/ 
min.  The  total  mass  flow  in 
pounds  over  a given  time  is 
obtained  using  an  integrator  to 
sum  the  pulses  of  the  flow'  rate 
indicator. 

The  display  (which  is  in  a 
separate  enclosure)  has  three 
readouts  for  mass  flow  rate, 
totalized  mass  flow,  and  specific 
gravity. 

Accuracies  in  lab  tests  are  about 
=.2%  fs  with  fluids  in  the  specific 
gravity  range  of  0.5  to  2.5  and  flow 
range  from  0.2  to  25  Ib/min. 
Linearity  is  within  —0.2%  fs  over 
the  flow  range. 

The  mathematics  and  other  grey 
areas  are  provided  by  james  E. 
Smith  of  .Micro  Motion  Inc.  below. 
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Gyroscoplc/Coriolls  Mass  Flow  Meter 

b/  limes  [ Smith,  Micro  Motion,  Inc 
Tne  Gyroscopic  Mass  Flow  Meter 
employs  a C-$haped  pipe  and  a T- 
shaped  leaf-spring  as  opposite  legs  of 
a tuning  fork  (Fig  2).  An  e'ectro 
magnetic  forcer  excites  the  tuning 
fork,  thereby  subieciing  each  moving 
panicle  within  the  pipe  to  a Coriolis- 
type  acceleration.  The  resulting  forces 
angularly  deflect  the  C-shaped  pipe 
an  amount  that  >s  inversely 
proponional  to  the  stiffness  of  the 
pipe  and  proponional  tc  the  mass  inlit 
flow  rate  within  the  pipe. 

The  angular  deflection  of  the  pipe 
IS  optically  measured  twice  during  Fig.  2 

eacn  cvcie  of  the  tuning-fork 
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oscillation  The  output  of  the-optical 
detector  is  a pulse  that  is  width 
modulated  proportional  to  the  mass 
flow  rate  An  oscillator/counter 
digitizes  the  pulse  width  and  displays 
a numer;cal  indication  of  mass  flow 
rate 

The  natural  frequency  of  the  C-T 
tuning-fork  (a  function  of  the  pipe 
geometry  and  mater  s')  is  related  to 
the  density  of  the  material  within  the 
pipe  Thus,  for  a given  pipe  geometry 
and  material,  the  specific  gravity  of 
the  fluid  within  the  pipe  may  be 
determined  bv  measurine  the  natural 
frequency  of  the  tuning  fork.  The 
flow  meter  described  has  three  digital 
displays  for  (1)  specific  gravity.  (2) 
mass  flow  rate,  and  (3)  totalized  mass 
flow . 

The  Gyroscopic  Mass  Flow  Meter 
can  be  used  to  measure  the  flow  of 
gases  liquids,  or  non  homogeneous 
substances.  It  is  insensitive  to 
temperature  and  pressure  and  can  be 
constructed  using  a variety  of 
materials  to  provide  the  necessary 
corrosion  resistance  The  unit  is 
perhaps  the  first  real  solution  to  the 
problems  associated  with  the  mass 


flow  measurement  of  multiphase  flow 
and  cryogenic  materials 
In  laboratory  tests  on  prototype 
units,  accuracies  in  tne  order  of 
=0.2%  fs  have  been  recorded  using 
fluids  ranging  in  specific  gravity  from 
0.5  to  2.5  and  flow  rates  from  0.1  to  25 
Ib/min.  The  flovy  meter  is  linear  to 
within  =0.2%  fs  over  the  total  flow 
'ange.  Tests  have  been  conducted 
using  both  Newtonian  and  non- 
Newtonian  fluids  with  a wide  range 
of  viscosities;  the  results  indicate  the 
meter  is  totally  insensitive  to 
viscosity. 


The  period  of  oscillation  of  a spring 
mass/system  is  given  by; 

T - 2 IT  m/k.  Equation  (1) 

Where  t is  the  period  of  oscillation,  m 
is  mass  being  oscillated,  k,  is  spring 
constant. 

In  the  case  of  the  pipe/ieaf  spring 
tuning  fork  of  the  Gyroscopic/ 
CorioTis  Flow  Meter,  the  mass  being 
oscillated  can  be  divided  into  two 
parts. 

(1)  the  mass  of  the  pipe  fm,)  and  (2) 
the  mass  of  the  fluid  in  tne  pipe  (m,). 
In  this  case  the  period  of  oscillation 
is: 


How  it  works 

The  T-shaped  leaf  spring  is  clamped 
or  welded  to  the  stationary  inlet/ 
outlet  tod  ■‘'e  C-shaped  flow  pipe 
A magn'  isor/forcer  coil  is 
mount  n the  ler  of  the  leaf  spring. 
A permanent  magnet,  suspended 
from  the  center  of  the  C-shaped  pipe, 
passes  through  the  middle  of  the 
sensor/force  coil  In  operation,  the 
velocity  of  the  leaf  spring  relative  to 
the  C-pipe  generates  a voltage  in  the 
sense  coil  that  is  amplified  and  used 
to  drive  the  concentric  force  coil  The 
force-coil  amplifier  is  gam-controlled 
using  a peak-detecior  circuit  that 
compares  the  peak-ve!oci*v  signa. 
from  the  sense  coil  with  a reference 
voltage  (Fig  3) 

The  pipe  and  leal  spring  oscillate 
180*  out  of  phase  with  each  other  m 
the  same  'say  the  tines  of  a tuning 
toik  oscillate  tind,  as  in  the  tuning 
fork  little  or  no  vi^  ration  is  coupled 
into  the  base  Thetrequen  , ' 

oscillation  is  determined  bs  the 
natural  t'equencs  of  the  pipe/leaf 
spring,  the  amplitude  is  controlled  by 
the  peak  detector  circuit 


T,  - k,m,+  m,  Equation  (2) 

Where  r,  is  the  period  of  oscillation 
of  pipe/leaf  spring  and: 
f,-2r/k,  Lc  lation  (3) 

5mce  the  mass  of  the  fluid  (Mt)  is 
equal  to  the  volume  multiplied  by  the 
mass  density,  we  can  re-state  Eq  (2) 
as; 

T,  ■ k,  k,  + k,D,B  Equation  (4) 

Where  k,,  k„  k,  are  all  fixed  constants 
(defined  by  the  geometry  of  the 
flowmeter),  (Dfm  is  the  density  of  the 
fluid  in  the  "C"  pipe 

By  counting  the  oscillations  of  a 
fixed-frequency  oscillator  during  the 
time  period  (t),  a density  factor  (d,) 
can  be  generated  as  follows 

d(  * 1 |fo  * f#^*!  1^1  * kjdiin 

W here  d,  is  an  indicated  density 
factor  and  f,  is  the  frequency  of  the 
reference  oscillator 

Although  measuring  density  is  not 
the  primary  objective  of  the  mass 
flow  meter,  it  is  simple  to  display  a 
density  factor  as  outlined  above 
Gi  - en  this  density  'actor  d„  one  may 
use  Eq  (4)  to  determine  the  density 
of  the  fluid  in  the  meter  As  discussed 
in  the  following  section,  the  accuracy 


I ( I hi'  (Ictw  rTuv'.ur«'m«»nl 
noi  di'pcnd  on  Ihik  dmoty 
measurpfTifr.. 


Mass  flow  rale 

Co'iolis  acceirraiion  it  associated 
i\  I'.n  (he  mo\  emeni  of  a bodv  on  a 
Surface  which  is  revolving,  such  at  a 
moving  bodv  on  the  earth  s suriace 
boomer  example  >5  that  of  a man 
walking  radiallv  outward  on  a rotating 
merrv -go-round  A third  enample  of 
Coriolis  acceleration  is  that  force 
which  causes  a gvtoscope  to  precess 
when  angular  inputs  are  applied  to 
axes  other  than  the  spin  axis  In  each 
'of  the  above  examples,  the  angular 
velocity  of  the  reference  surface  (i  e . 
the  angular  velocit>  ot  the  earth  or  of 
the  merrv-go-round)  is  constant 
W ith  reference  to  Figure  4 the  force 
on  a particle  due  to  Conolis 
acceleration  is  given  b> 

I,  ■ *m,i.'»v.  Equation  (6) 


\\  here  f,  - 
force  on 
particle  due  to 
Coriolis  accel- 
eration. m,  ■ 
mass  of 
particle.  V,  ■ 
velocity  of 
particle  W “ 

angular  velocity  of  reference  plane 
ks  implied  by  the  cross  product 
X V p).  the  Coriolis  force  (f,)  is 
p-eroendicular  to  the  plane  of  u-  and 
V,  Two  important  factors  should  be 
noted  from  this  (1)  the  Coriolis  lorce 
(I,)  IS  a linear  function  of  the  product 
m,v,  and  (2)  there  are  no  restrictions 
on  the  angular  velocity  (w)  a negative 
u wc>uld  produce  a negative  Conolis 
lorct  (1,)  and  more  important,  an 
oS(  il  atirg  ta-  pioduies  oscillating 
Conolis  force 

Fig  5 IS  a sxetch  ot  the  C-shaped 
pipe  showing  both  the  axis  ot 
oscillation  Ik.-)  and  a unit  length  ot 
i:u  d within  each  teg  of  th<.‘  pipe 
The  velocitv  vectors  (v,)  and  (v.)  are 
oi-rpendicular  to  the  angular-rotation 
»ecior  (u)  and  that  the  Conolis  force 
vectors  (I.,  and  i,;)  are  opposite  in 
lirection  since  the  velocity  vectors  (v, 
and  v.)  are  opposite  directions  In 
opt  ation  ot  the  flow  meter,  the 
angular  velocitv  (w)  is  a sinusn>dal 
'urvction  (as  with  anv  tuning  lork)  and 
the  forces  (I,,)  and  (f,.|  are  therefore 
sinusoidal  and  180®  out  of  phas<  with 
each  other  forces  f,,  and  f...  create  an 
O'Cillating  moment  (m)  about  axis 
O The  momer-' can  be  expressed 
a-  a irii.  e time  a distance 
2,  n,  ■ I r •*  1.  i_  Equation  (*i 

f .'.V  awumc  a ‘vmmeirical 

thf  tw o terms  ate  the 

ame  and 

1 f « 4 m V k-r,  Equation  (8) 
ti\  vuiwi'futmg  lor  t irom  equation  h 
I-  we  ( vammc  the  units  ot  m.v , vs e 
imn 

.1  V'<>*  C'"'I  Ir-nciri 

" v—rjrtr^ih  ~K^r, — - 

\\  I » if  ^ Q I'  the  mere  mental  mass 
How  rale  Thus  equali'rn  (b)  becomes 
2.  m • -J..r..l  Equation  (P) 


ORIGINAL  PAGE  IS 


The  total  mcmeni  (m)  about  axis  "O” 
due  to  Conolis  acceleration  on  all 
moving  particles  is  given  by 
m - t.^m  - t4k)r,,AQ  - 4 k*r,Q 

Equation  (10) 

Where  Q is  the  mass  flow  rale  in  the 
C-shaped  pipe 

The  moment  M due  to  Conolis 


"0“ 


acceleration  causes  an  angular 
deflection  of  the  C-shaped  pipe 
about  the  central  axis  This  angular 
deflection  can  be  examined  using  an 
end  view  of  the  C-shaped  pipe  (ng  6) 
sshich  shows  the  resultant  twist-type 
motion 

The  deflection  angle  due  to  the 
moment  M is  determined  b>  the 
spring  constant  of  the  C-shaped  pipe 
svstem  This  spring  constant  is  a 
function  of  the  cantilever  siihness  ot 
*-ach  longitudinal  pipe  and  the 
torsional  stihness  o(  each 
longiiud  nal  pipe  For  any  given  oipe 
system 

Torque  - k,0  Equation  (11) 

Where  0 is  the  pipe-svstem 
detlection  anp'  s the  pipe  system 
angular  spri-  ..tant 

Us  ng  thi  jtii  w e can  relate 
the  mass  flow  rale  (Q)  to  the  pipe 
defieclion  angle  as  follows 


Equation  (12) 


At  this  point  we  find  the  mass  How 
rate  (Q)  direcllv  propoHional  to  the 
deilectiun  angle  (0)  and  mverselv 


proportional  to  the  angular  velocitv 
(u)  of  the  C-shaped  pipe  system.  If  we 
consider  the  optical  pick-oN  system 
(Fig  7).  we  can  express  Q as  a 
function  ot  ^ t,  the  time  interval 
between  optical  pulses  as  follows* 

The  excursion  of  the  C-pipe  can  be 
expressed  js  its  velocity  times  the 
time  interval  (At)  belweers 
photopulses  (p,  and  p,) 
v^  I ■ 2r4 

/V.  2r0 

Equation  (13) 


Where  - velocity  of  pipe  at  position 
of  optical  pick-offs.  At  - time 
interval  that  photo  pick-off  p,  leads  or 
l4gs  Pi- 

•p.  the  vertical  velocity  of  the  end  of 
the  C-pipe.  depends  on  the  angular 
velocity  («)• 

V,  ••  Lu-  Equation  (14) 

Where  L is  me  length  of  the  C-shaped 
pipe. 

Combining  equations  (13  and  14) 

<>  - Equation  (15) 

Combining  equations  (12  and  15); 


Q - 


Equation  (16) 


The  mass  flow  rate  is  seen  to  be  a 
function  of  pipe  geometry  constants 
at  At.  the  time  interval  between 
photo-pulses  It  can  also  be  shown 
that,  if  the  pipe  has  a zero-flow 
deflection  angle  0,.  this  error  is  easily 
removed  bv  comparing  the  time 
interval  at  A t,  of  the  oownw  -d  pjpe 
movement  with  time  interval  A of 
the  upward  pipe  movement.  II  a no- 
flow condition  exists,  these  time 
intervals  subtract  out.  whereas  a fluid 
flow  ing  in  the  pipe  causes  different 
lime  intervals  (depending  on  the 
direction  of  angular  travel)  that  are 
delected  as  flow  -induced  pipe 
moments 

An  important  feature  of  the  optical 
deieciicn  svstem  is  that  detleciion- 
angle  measurements  are  made  near 
the  center  posilion  ol  me  C-p'pe 
travel  This  is  important  because  this 
IS  the  time  when  the  velocity  and  the 
deflection  angle  are  the  greatest 
Also,  this  center  position  ot  the  C 
pipe  IS  the  position  where  the  angular 
acceleration  o<  the  pipe  is  near  zero, 
and  anv  unbalarvce  between  pipes  is 
least  likeK  to  cause  an  angular 
deflection  that  could  be  interpreted 
as  flow  Signal  I 


(JinTt.  ’’.•cr  1-  i-i  "lei  t'li 
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TITLE .*  On-Site  Integration  of  tie  ftCC  Modified  Engel-Preoht  Seed 

Peprooeesing  Syatea  Into  ETF 

SCOPE; 


A study  was  carried  out  to  detenaine  the  deairsbility,  feasibility  and 
efficiency/cost  iopact  of  intonating  the  Resources  Conservation  Company  (RCC) 
Modified  Engel-Precht  Seed  Reprooessing  Systemi  into  the  ETF.  The  oonoeptual 
design  described  in  the  RCC  Task  #2  Report^)  and  the  conceptual  design 
described  In  the  MHD-ETP  COER^^)  were  cc^bined  by  scaling  the  results 
published  by  RCC  and  by  making  minimal  changes  to  each  system.  The  goal  in 
making  changes  was  to  maintain  a high  integrated  plant  effielenoy  and  minimise 
costs. 

FINDINGS; 


The  size  and  complexity  of  the  Engel-Precht  process  results  in  a 5«8  percent 
increase  in  the  capital  cost,  a 14.4  percent  Increase  in  the  OUt  costs,  a 
decrease  in  efficiency  from  36.03  to  37*15  percent  and  a 4.7  Mil  decrease  in 
net  power  output.  These  impacts  are  offset  by  an  operating  expense  savings  of 
not  buying  fresh  seed.  The  net  effect  is  a small  decrease  in  the  cost  of 
electricity  of  less  than  one  percent  (0.6  fflills/kUlu') . For  the  offsite 
nonintegrated  plant,  the  savings  are  less  and  result  in  a decrease  in  the  cost 
of  electricity  of  less  than  one-half  percent  (0.4  mills/kWhr). 

The  effect  of  a number  of  process  changes  on  the  RCC  design  was  also 
evaluated.  The  only  change  that  has  more  than  a minor  effect  on  cost  and 
performance  is  the  removal  of  the  module  to  separate  sodi;sn  from  spent  seed. 
Renoving  this  module  leads  to  a net  savings  in  the  cost  of  electricity  of 
2.7  percent. 

The  integrated  case  involves  risk  exposure  due  to  the  additional  capital 
involved  and  tc  the  fact  that  the  Modified  Engel-Precht  Process  has  not  yet 
been  developed  for  commercial  use,  consequently  the  options  of  purchasing  seed 
and/or  off  site  processing  of  seed,  which  entail  a relatively  small  economic 
penalty  should  be  considered  as  alternatives. 

RECOMMENDATIONS; 

This  study  has  emphasized  the  engineering  and  economic  (as  opposed  to  the 
investment)  aspects  of  seed  regeneration.  Prior  to  selecting  a specific 
approach  it  is  recommended  that  a self-consistent  investment  analysis  be 
performed  before  a choice  is  made  among  the  on-site,  off-site  and  purchasing 
options.  (Levelized  costing  analyses  should  also  be  conducted  to  see  if  the 
econo-wic  trade-offs  remain  the  same.) 

The  economics  of  the  Engel-Precht  Process  with  the  sodium  removal  module 
deleted  seem  favorable.  A detailed  engineering  evaluation  and  design  of  this 
option  should  be  performed. 

Additional  process  analyses  and  pilot  plant  tests  are  needed  for  this  process 
to  reduce  the  technical  and  economic  risks  of  development.  However,  prior  to 
making  a final  decision  in  favor  of  the  Engel-Precht  Process,  an  on-sitc 
integration  study  for  the  Fonaate  Process  should  be  carried  out. 
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PWQCEDUBE; 

Th«  Stat«B«nt  of  Work  for  th«  study  nay  bs  sunarltsd  at 


Subtaak  1 - Establlah  a baas  eats  oonflguration  an  intap^atad  plant. 


Subtaak  2 - Prapara  haat  and  naas  balanM  diagrttsa  tor  th«  teas  oaaa 
omcaptual  dasign. 

Subtask  3 ■ Prapara  praliainary  layout  drawings  for  tha  bass  oaaa 
conoaptual  daslgn. 


Subtask  4 • Assass  tha  tachnioal  and  aconc«lc  lapacts  of  intagrating  tha 
Modifiad  Engal'Praeht  Procass  into  ETF. 


Subtask  6 - Evaluata  tha  affioimoy  and  oost  iopacts  of  asking  ohangaa  to 
tha  Modifiad  Engal*Pracht  Prooass. 


Subtask' 1 was  coaplatad  aarly  in  ordar  to  provida  a basis  for  carrying  out  tha 
procass  enginaaring  portion  of  Subtask  2.  Tha  rasulting  prooass  sass  balanoa 
was  than  usad  as  a basis  for  carrying  out  tha  powar  anglnaaring  analysas 
naadad  to  coaplata  Subtask  2.  Tha  ^ooass  mginaarlng  and  powar  mginaaring 
portions  oi  Subtask  2 wars  axaoutad  saquantially,  and  tha  raaainitiS  subtasks 
wars  axacutad  in  parallal. 

Tha  basic  raferencas  for  this  study  are  the  RCC  Task  #2  Raport^^)  and  tha  HHD- 
ETF  CDER(2),  SDD-342. 

Tha  bfflD-ETF  ODER,  SDD-342,  deseribas  tha  MHD-ETF  Rafaranea  Systaa  which  trucks 
spent  seed  to  an  off-site  location  for  sale  or  reprocessing.  Tha  chmical 
process  is  unspecified.  The  RCC  Task  #2  Report  describes  the  preferred 
process  for  reprocessing  tha  spent  seed. 

Tha  conceptual  design  described  in  the  RCC  Task  #2  Report  and  the  conceptual 
design  described  in  the  MHD-ETF  CDER  were  integrated  by  making  minor  changes 
to  each  system.  The  flow  rates  of  seed  and  ash  from  the  MHD-ETF  systam  were 
assumed  as  described  in  the  MHD-ETF  CDEP,  SOD-342.  To  the  extent  possible, 
the  equipment  described  in  the  MKD-ETF  CDF^  was  retained.  With  minor 
exceptions,  the  RCC  process  was  scaled  from  the  results  published  in  tha  RCC 
Task  #2  Report. 

In  the  area  of  MHD-ETF  impact  analysis,  a rigorous  analysis  of  tha  topping 
cycle  using  reprocessed  seed  was  not  carried  out,  but  the  steaa  oycla  and  flue 
gas  distributicwi  state  points  were  rebalanced  and  revised.  Siailar 
limitations  in  scope  here  imposed  in  other  areas  of  mginaaring  analysis,  but 
in  all  cases  sufficient  analysis  work  was  carried  out  to  make  sura  that  no 
significant  errors  were  introduced  in  the  final  coat  and  efficiency  estimates 
for  the  integrated  plant. 
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DISCOSSIOW; 


1.0  SUtfURY; 

1 . 1 PURPOSE 

The  ETF  open-cycle  MHD  process  uses  potassium  seeding  (potassium  carbonate  and 
potassium  sulfate)  to  increase  the  conductivity  of  the  ccmbusticm  gas. 
Potassiim  carbonate  removes  sulfur  introduced  by  the  coal.  The  purpose  of  t)w 
Engel-Precht  Process  is  to  transform  the  spent  potassita  sulfate  back  into 
potassiicn  carbonate  for  re-injecticoi  into  the  MHD  combustor  in  order  to  remove 
sulfur  from  the  KHD  gas  stream. 

The  purpose  of  this  study  is  to  determine  the  desirability,  feasibility  and 
efficiency/cost  Impact  of  on-site  integration  of  the  Resources  Conservaticm 
Company  (RCC)  Modified  Engel-Precht  Seed  Reprocessing  System  into  the  ETF. 

1.2  SUMMARY  DESCRIPTION  OF  THE  INTEGRATED  SYSTEM 

MID  p<mer  generation  is  based  on  the  direct  cixiversion  of  chemical  heat  raergy 
to  electricity  by  passing  a high  temperature,  hi^  velocity,  electrically 
conducting  fluid  through  a magnetic  field. 

Open  cycle  MHD  has  an  advanta^  with  respect  to  sulfur  removal  in  that  the 
potassium  carbonate  portion  of  the  seed  (which  is  injected  into  the  combustion 
gas  to  increase  its  conductivity)  reacts  with  the  sulfur  from  the  coal  to  form 
solid  potassiun  sulfate  (K2S6i|).  In  the  MHD-ET?  system,  which  is  described  in 
the  MHD-ETF  CDER,  the  K2SO4  collects  in  the  Heat  Recovery/Seed  Recovery 
(HR/SR)  system  and  in  the  Electrostatic  Precipitator  (ESP),  and  a fraction  is 
trucyed  off-site  for  reprocessing,  sale,  or  disposal. 

In  the  integrated  system  which  is  shown  in  Figure  1-1,  a reprocessing  plant  is 
integrated  with  the  MHD  topping  and  steam  bottoming  cycles.  The  process  shown 
in  the  figure  is  a modified  Engel-Precht  Process.  Essentially  pure  potassiim 
carbonate  is  produced.  Very  little  potassiim  loss  is  foreseen,  and  there  are 
no  hazardous  materials  or  high  tonperatures  involved.  Potassiim  losses  from 
both  the  MHD  cycle  and  the  regeneration  process  are  made  up  as  KCl. 

In  the  Engel-Precht  Process,  the  sulfur  from  the  coal  is  separated  as  calcium 
sulfate  (CaSOi;),  and  the  sodiim  which  is  an  impurity  from  the  coal,  is  removed 
as  sodiim  chloride  (NaCl).  The  potassium  chloride  (KCl)  is  converted  to 
potassium  bicarbonate  (KHOO3)  and  the  magnesiim  (which  is  a necessary 
participant  in  the  Engel  salt  formation  and  decomposition  reactions)  is 
recovered. 

On  the  basis  of  previous  studies,  the  choice  between  available  seed 
regeneration  processes  was  narrowed  down  to  two  - the  Formate  Process  and  the 
Engel-Precht  Process.  Based  on  the  results  of  the  RCC  Task  #1  Report^3),  the 
Modified  Engel-Precht  Process  was  selected  and  fully  described  in  the  RCC  Task 
#2  Report(^>. 
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In  order  to  provide  the  ETF  system  K'tth  the  necessary  7,992  Ib/hr  of  fresh 
seed  the  modified  Engel-Precht  requirements  were  found  to  be  as  follows: 


Electrical  Power 
Steam  (100  psig) 

Steam  (60  psig) 

Flue  Gas  (COg) 

Flue  Gas  (drying) 

Heat  Rejection  (cooling  tower) 


2,585  kW 

5,735  Ib/hr  dry  saturated 
15,130  l^'/hr  dry  saturated 
27,331  Ib/hr  at  150°F 
80,280  Ib/hr  at  HBQ>90f 
22.6  X 106  Btu/hr 


Integrating  the  seed  reprocessing  unit  into  the  ETF  cycle  reduces  the  steam 
turbine  generator  power  produced  due  to  new  steam  extractions  for  process  use. 
Steam  extraction  is  also  required  for  heating  feedwater  which  was  previously 
heated  by  means  of  flue  gas.  In  addition,  auxiliary  power  was  increased  to 
meet  the  electrical  demand  of  the  process. 


The  net  result  of  integrating  the  seed  reprocessing  plant  into  the  ETF  cycle 
is  a 0,88  point  drop  in  efficiency  to  37.15  percent  and  a 4.7  MW  decrease  in 
net  power  output.  The  reduced  efficiency  and  added  cost  for  the  on-site 
regeneration  plant  were  offset  by  an  operating  expense  savings  of  not  buying 
fresh  seed  on  the  open  market.  The  net  effect  was  a cost  of  electricity 
savings  of  less  than  one  percent  (0.8  mills/kWh). 

Several  possibilities  for  extracting  low  grade  heat  from  the  ETF  power  plant 
were  considered,  but  in  all  cases  the  impact  on  net  plant  efficiency  or  on 
equipment  cost  (due  to  inadequate  temperature  differences)  could  not  be 
justified  in  terras  of  reduced  cost  of  electricity. 

1.3  SLiWlARY  ASSESSNENT  OF  POTENTIAL  FOR  PROCESS  MODIFICATIONS 

The  only  process  change  that  has  more  than  a minor  Impact  on  performance  and 
cost  is  the  removal  of  the  sodiam  rejection  module.  Re.moving  the  module 
resulted  in  a net  savings  in  the  cost  of  electricity  of  2.7  percent 
(2.6  mills/kWhr).  For  this  study,  the  sodiam  concentration  reported  in  the 
MHD-ETF,  SDD-342,  for  the  case  of  steady  state  recycle  of  the  seed  was 
assailed.  Removing  the  sodium  rejection  module  would  cause  the  steady  state 
value  of  the  sodium  content  in  the  recycled  seed  stream  to  increase  somewhat. 
Raiioving  this  module  would  also  complicate  the  solid  waste  disposal  problem 
since  soluble  sodium  would  contaminate  this  waste.  A detAiiled  engineering 
evaluation  is  needed  to  determine  the  effects  of  deleting  the  sodium  rejection 
module  on  both  the  Engel-Precht  Process  and  the  MHD  cycle.  A detailed 
engineering  evaluation  is  needed  to  determine  the  effects -on  the  MHD  cycle  and 
the  Engel-Precht  Process.  Pilot  plant  tests  are  needed  to  provide  process  and 
cost  data,  but  the  potential  economic  benefits  warrant  the  additional  work 
necessary  to  accomplish  this. 
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2.0  pr€k;ess 

2.1  BASIS  rest  QisiSN 

2.1.1  Spent  St»d  Coap^lt^an 

The  spent  seed  eoaposltlon  esseaied  hy  R(%  tna  specified  in  t«K»i  of  ^2^0^, 

K2CO3  and  fly  ash  an»8  flow  In  addition,  the  flw  ratM  oi  a nusher  of 

ions  (K,  Na,  Pb,  Zn,  Cl,  Fe  and  P)  were  speolfl«l. 

In  order  for  RCC  to  initiate  their  study  it  tms  neoMsary  fc»*  thea  to  Mtiaate 
a spent  seed  coeposltlcm  in  teras  of  specific  <K»po(m^.  An  eatinted 
eoaposition  was  Mtablished  early  in  the  ftCX!  study  as  a r^ult  of  discussions 
between  RCC  and  Argonne  National  Laboratory.  Tte  r^ulting  coapMition  is 
shown  in  Table  2>1. 

For  eoBparis(»  purpose  the  spent  sMd  Mapositltm  froa  tte  t0D-E1^  CDEB  is 
shewn  in  Table  2-1.  The  two  coapositions  are  differ«it.  Tlds  is  because  the 
concentrations  of  Na,  Zn,  Pb,  Fe  and  P given  to  R(^  WK*e  estiaated  by  assuaii^; 
that  these  iapurities  bad  aocuaulated  in  the  seed  recycled  aany  tiaM  through  a 
regeneratim  process  that  separated  sulfta*  froa  the  potassiwi  but  did  not 
separate  the  iapurity  eleaents.  The  RCC  i»H>ces8  separates  a higher  fraction 
of  iapurititt,  especially  sediua,  tlan  would  be  required  to  aalntain 
acceptable  steady  state  iapurity  levels  in  recycled  seed.  In  addition,  the 
cheaical  c<»positi(»  of  the  spent  seed  depends  i^Mn  coal  eoaposition,  tte 
ratio  of  K2CO3  to  the  sulfur  in  the  coal,  the  species  that  are  asstXMd  to  be 
present  when  tt%  equilite'iua  cKnpositioas  are  estiaated,  and  the  assuaed 
iapurity  accumulation  rate. 

As  a result  of  the  liaited  scope  of  the  study,  the  spent  seed  coapositicxi 
shown  in  the  MHD-ETF  CDER,  SDD-3^2,  was  assumed.  This  seed  composition  is 
based  on  the  coal  composition  and  assumed  the  steady  state  recycle  of 
spent  seed.  This  leads  to  a high  sodius  concentration  due  to  the  fact  that 
concentrations  reported  in  SDD-3^2  were  not  based  on  the  Engel-Precht  Process. 
However,  the  differences  between  these  high  sodium  seed  compositions  and  the 
lower  sodium  seed  composition  attainable  do  not  affect  the  results  of  this 
study  significantly . 

2.1.2  The  Engel-Precht/ETF  Interface 

The  "Seed  Managmoent  System"  (SDD-3<t2  CDER^^)}  includes  a partial  recycle  of 
recovered  spent  seed  and  flyash  to  the  combustor  along  with  makeup  of  K2CO3. 

An  alternative  to  this  makeup  is  to  regenerate  the  pre>dously  discarded 
material.  C<Hi8ider  Figure  1-1  in  SDD-342,  here  reproduced  as  Figure  2-1.  The 
16,821  Ib/hr  direct  recycle  stream  is  continued.  The  11,068  Ib/hr  discard 
stream  is  now  directed  to  regeneration  as  slK>wn  in  Figure  2-2.  The 
regeneration  plant  utilizes  CO2  from  the  KiD/ETF  combustion  gas. 

Approximately  75  percent  of  the  flue  gas  is  used  for  product  drying  and  25% 
supplies  CO2  to  the  Engel-Precht  Process  Plant.  Fresh  KCI,  HC1,  MgO,  CaO  and 
steam  are  fed  into  the  Engel-Precht  Process  to  convert  K2SO11  to  K2^3  and  to 
remove  sulfur  as  gyps\m  filter  cake  and  sodium  as  NaCI. 


TABLE  2-1 


^EilT  P^CSNTA^  OOtPISmON  B¥  ttUSt 


Bcx:  sttt^ 
(Hmitima  CtNtl) 

»«D-iTF 

(SDD-342) 

K2C03 

1.119 

1.29 

K2S04 

70.40 

77.53 

Na2S04 

20.88 

m 

KPO3 

0.76 

mr 

^2Si03 

0.04 

- 

K2SI4O9 

0.08 

- 

K2AISIO4 

1.70 

- 

F6203 

4.55 

ZnCl2 

0.09 

- 

PbSi03 

0.01 

- 

AI2O3 

- 

0.47 

CaC03 

- 

1.08 

Pe^Oii 

- 

1.13 

MgC03 

- 

0.43 

Na2C03 

- 

14.48 

KAlSi308 

- 

3.59 

165672  COAL 

7992  R,CO,  (FRESH  SEED) 


O 
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FIGURE  2-1 

DOMINANT  FLOWS  (IN  LB/HR)  IN  THE  ETF  REFERENCE  SEED  MANAGEMENT 
SYSTEM  WHICH  EMPLOYS  PARTIAL  RECYCLE  OF  RECOVERED  SEED 
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FIGURE  2-2  DOMINANT  FLOWS  (IN  LB/HR)  IN  ETF  SEED 

REGENERATION  CASE 
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To  oohlovo  tho  noooacii^  i^bwili  ^^oUvitjp  la  • 

potMsiuB  ooQoontratioi  ^ porcMnt  tif  i^i^t  la  (raribiMtlM  fto. 

To  rMOvt  tho  roquii^  of  ^ tho  Bmo^  oooI  (1*0$  i^ooat  S) 

poquiroa  8,209  Ib/ta*  of  K2OO3.  tto  teloaeo  ^ tho  poquirod  polMOioM, 
Mot»)ting  to  13»067  IWhr,  son  ho  si;q^pIlod  op  K2S0l|* 

Tho  16,821  Ib/hr  diroot  rooyoXo  strua  ^ovidoo  ill  t1»  It  also 

I»*ovido8  217  Ih/hr  ^ loivlng  7,992  It^hr  to  bo  obtilaod  fron 

rogonorati«)  and  nako)^.  far  tho  purpoao  of  thla  atudy,  it  ms  aaauaod  that 
tlM  aah  oan  bo  reoyelod  as  dmorlbod  In  ^D-3t2. 

The  11,068  Ib/hp  regenoratira  stiHMa  oontali^  8,581  Ib/ta?  of  E^j|  wbloh  will 
yield  6,797  Ib/hr  of  ot  a 99*88  poreont  oonvorsiMi  officionoy  as  ^ven 
by  the  Engel-Prooht  iroooss  report.  (1)  Tho  rogmoratira  atrott  also 
contribtttos  Itt  Ib/te*  of  EgC^?.  Thm,  1,051  Ib/hr  of  ukoup  E2CO3  is  noodod. 
This  will  bo  obtained  from  1,138  Ib/lr  of  ITC1,  which  also  bsIms  up  other 
syatoo  l<Msoa* 

Thus,  regenoratim  has  replaced  the  fresh  st^ply  of  7,992  Ib/hr  of  E2CO3  with 
a frmh  supply  of  1,138  Ib/hr  of  K1.  Tho  disposable  stream  has  bom  changed 
from  11,068  Ib/hr  contained  in  a single  Strom  (to  be  truoiwd  off-si  to)  to  two 
now  streams.  An  insolubles  strom  of  22,180  Ib/hr  containing  50  peroont 
solids  oan  go  to  a settling  pond  and  on  to  a landfill.  The  Ca(^3  in  tho 
insoluble  strem  arises  from  the  No2C03  in  tho  input  strom.  This  oarbonato 
la  disposed  of  as  00^3.  The  RCC  design  assumed  Na2SOi|  as  the  input  strem 
and  thus  had  much  less  carbonate  in  the  insoluble  strem.  A solubles  strem 
of  2,564  Ib/hr  containing  75  percent  solids  can  to  a lined,  loaohato 
controlled  evaporation  pond  or  to  deep  well  injectim. 

The  amount  of  chloride  impurity  returned  to  the  KHD  topping  cycle  with  the 
recycled  seed  material  must  be  severely  limited,  because  small  amounts  of 
chlorine  reduce  the  plasma  conductivity  and  therefore  the  efficiency  of  the 
^fflD  system. 

2.1.3  Basis  for  Process  Equipment  Soaling 

Since  the  seed  reprocessing  system  described  in  the  RCC  Task  #2  ReportO)  is 
based  upon  different  sizing  criteria  (450  ^5ft)  than  is  the  MHD  plant  (532  MWt) 
described  in  the  MHD-ETF  CDER^^),  it  was  necessary  to  scale  the  mailer  RCC 
design  to  fit  the  larger  MHD  design.  The  RCC  plant  has  a l^er  sulfur  content 
in  its  coal  than  does  the  E7F  plant,  which  results  in  a lower  seed 
regeneration  requirement  for  the  RCC  plant.  Generally,  equipment  was  scaled 
based  on  flow  rates. 

The  requirments  for  seed  and  the  production  of  spent  seed  were  taken  from  the 
MID-ETF  CI£R.  The  spent  seed  amount  and  analysis  were  assumed  to  be  available 
for  input  to  the  reprocessing  systm.  The  reprocessing  systm  was  sealed  frm 
the  input  given  in  the  RCC  Task  #2  Report  to  this  larger  input.  Soaling  was 
generally  done  by  ratio  of  Gilbert  Associates,  Inc.  mounts  to  RCC  moisits 
with  attention  to  proper  balancing  of  chemical  reactions.  AdditiOTally,  since 
the  RCC  md  QAl  coal  analyses  were  different,  allowances  for  this  difference 
were  made.  These  occasionally  called  for  adjustments  in  the  RCC  mounts 
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btfore  setling.  Liquid  flows  wort  siaply  rotiood,  but  tho  ttouatt  of  wator 
rotainod  in  filter  and  oentrlfuge  oakea  wort  Inaroaaed  froa  20  ^*0Mt  and 
3 percent  to  50  percent  and  25  percent , respeetivaly. 

These  are  conservative  estlaates  baaed  upon  OAI  ei^erlenM  In  daaiffilnf  ash 
handlins  and  flue  gas  desulfurization  sludge  disposal  systeas.  The  MHD  flue 
gas,  which  contained  31  percent  CO2,  was  the  souroe  of  the  ^2  needed  in  the 
process.  Also,  the  process  stews  condensate  was  used  as  oakeup,  elininatlng 
any  need  for  process  water  makeup.  The  rwnalnlng  R(^  assvBptloos  were 
retained.  They  are  as  follows: 

0.3  lb.  wBshwater/lb.  crystals  on  filters 

2 lb  washwater/lb  crystals  in  Mg(0H>2  wash  tower 

10$  Mg(0H)2  slurry  from  thickener 

40$  slurry  from  decoaposer 

2.43  lb.  water/lb.  En^l  salt  decomposed 

40$  of  C02  in  stack  gas  absorbed 

2.2  ENOEL-PRECHT  PROCESS  DESCRIPTION 

A simplified  block  diagram  of  the  process  is  shown  in  Figure  2-3.  In  Module  I 
spent  seed  is  dissolved  and  mixed  with  calciun  and  potassium  chlorides.  The 
calciuD  sulfate  and  other  Insolubles  are  discarded,  and  the  chlorides  of 
sodium  and  potasslia  are  sent  to  Module  II. 

In  Module  II  the  chlorides  are  conoentrated  by  evaporation  and  separated,  and 
the  sodiisn  chloride  is  sold  as  a by-product. 

In  Module  III,  in  the  presence  of  magnesium  carbonate  and  carbon  dioxide,  the 
potassium  chloride  is  converted  to  Engel  salt  (KHOOo  • MgCO^  • 4H2O)  at  65^. 
At  160*^  the  Sngel  salt  breaks  down  into  potassiimi  bicarbonate  and  magnesium 
carbonate. 

In  Module  VII,  potassium  carbonate  is  recovered  fron  the  bicarbonate,  and  in 
Modules  IV,  V and  VI  the  magnesium  is  recovered  for  re-use  and  the 
cal cl urn/ potassium  chlorides  are  recycled  back  to  Module  I. 

A brief  description  of  each  module  follows. 

2.2.1  Module  I - Dissolution  of  Spent  Seed 

The  Module  I subsystem  is  shown  in  Figure  2-4.  Spent  seed  is  slurried  in  a 
slurrying  tank,  and  pumped  into  a baffled  mix  tank  along  with  the  calcium 
chloride/potassius  chloride  recycle  stream  (4)  from  Module  V,  gypsus, 
potassium/ sodium  chlorides  from  Module  II,  and  combined  blowdowns  (6). 

Overflow  from  the  dissolver/reactor  flows  into  a settling  tank.  The  bottoms 
drain  into  a filter  where  they  are  washed  with  stream  (6)  and  dewatered  to 
about  50  percent  mo.'sture.  The  filter  cake  (9)  Is  conveyed  to  the  battery 
limits  and  the  filtrute  is  returned  to  the  slurrying  tank. 

The  overflow  (7)  from  the  settling  tank  flows  to  a feed  tank  in  Module  II. 
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FIGURE  2-3 

THE  MODIFIED  ENGEL-PRECHT  PROCESS 


ORKHNN.  PAQE  IS 
OF  POOR  QUALITY 
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FIGURE  2*4 


MODULE  1 - DISSOLUTION  OF  SPENT  SEED 
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2.2.2  Modulo  II  - Crvitalllgatlon  ond  SOBorutlon  of 
Sodium  Mftd  PottMlUB  Chloride 

Tho  primary  purpose  of  Modulo  IX,  whloh  is  shown  in  Figure  2-5,  is  to 
svsporsts  water  from  the  RCl  solution.  At  the  sms  tins  sodiua  dilorido  is 
orystallizsd  out  of  solution  and  removed  from  the  syst«. 

KCl/NaCl  solution  (7)  from  MckIuIs  I enters  a feed  tKik  from  whi^  it  is  puaped 
through  a heat  exchanger  into  a vapor  oompresslon  pre-evaporator.  Hot 
oondensate  from  the  evaporator  and  following  orystalllzer  is  oooled  by  hast 
exchange  with  the  feed,  and  is  saved  for  use  as  wash  water  05). 

The  oonoentrated  potassiua/sodlin  ehlm'ide  solution,  nearly  satta*ated  with 
respect  to  potassitn  chloride,  is  run  into  a multiple  effect  orystalllzer. 

The  fovu'th  effect  of  the  orystr ',i.lMr  oonoentrates  the  solution  near  the  RCl 
saturation  level.  RCl  crystals  which  are  removed  from  the  third  effect  are 
dewatered  to  about  25  percent  (18)  and  sent  to  Module  III.  Further 
concentration  occurs  in  the  second  effect  to  the  point  of  NaCl 
crystallization.  NaCl  crystals  settle  into  an  elutriation  leg  and  flow  to  a 
centrifuge  where  they  are  washed  and  dewatered  to  25  percent  moisture  (17). 
Liquor  is  drawn  off  the  first  effect  and  sent  to  a cyclwie  se^rator.  The 
cyclone  bottoms,  containing  NaCl  crystals,  are  sent  back  to  the  first  effect, 
and  the  clarified  stream  is  flashed  to  a lower  temperature,  where  RCl  is  now 
less  soluble  than  NaCl.  KCl  crystals  are  settled  out  in  the  settling  tank  id 
sent  to  the  RCl  centrifuge.  Hot  condensate  from  the  last  three  effects  is 
cooled  and  used  as  wash  water  (15). 

2.2.3  Module  III  - Engel  Salt  Reactor/Decwnposer 

The  primary  purpose  of  this  module,  which  is  shown  in  Figure  2-6,  is  to 
convert  potassivm  chloride  (18)  into  potassluo  bicarbonate  (43). 

Potassiimi  chloride  is  mixed  with  cold  recycled  magneslun  carbonate  slurry  and 
make-up  potassium  chloride.  In  the  presence  of  CO2,  Engel  salt,  and  magnesius 
carbonate  crystals  settle  out.  The  finer  magnesius  carbonate  crystals  are 
washed  back  up  into  the  reactor,  and  the  Engel  salt  flews  fros  the  elutriation 
leg  to  a centrifuge.  These  crystals  are  reslurried  with  water  at  a higher 
temperature  in  order  to  decompose  them  into  potassius  bicarbonate  and 
magnesium  carbonate.  The  potassium  bicarbonate  overflow  is  pumped  to 
Module  VII.  The  underflow  (mainly  MgCOo  « 3H2O}  is  saturated  with  carbon 
dioxide,  flash  cooled  to  105^F,  mixed  vath  magnesium  carbonate  from  the 
carbonating  tower  (33)  and  vacuum  flashed  to  32°F  before  being  returned  to  the 
Engel  salt  reactor. 

As  a result  of  the  reactions  taking  place  in  the  Engel  salt  reactor,  magnesius 
chloride  is  formed.  This  (together  with  potassius  chloride  and  some  magnesium 
bicarbonate)  is  sent  to  Module  IV. 


cvolvjOAti  CNr  9wniTiriJ^»o  l?» 


MODULE  11  - CRYSTALLIZATION  AND  SEPARATION  OF  SODIUM  AND  POTASSIUM  CHLORIDES 
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2.2.4  Modulo  IV  - Docarbwtion  of  Magnesltm  Bicarbonate 

Tht  purpoae  of  this  oodule,  which  is  shown  In  Figure  2*7 i is  to  oonimrt  the 
BagnoaiuB  bioarbMiata  in  straaa  24  to  Bagnaaium  boride  in  strat*  37.  ^ 
food  solution  (24)  is  nixed  with  hydrochloric  acid  in  a nix  tank,  and  run 
through  a stripping  colvan  where  the  carbon  dioxide  is  striated  off  tqr  naans 
of  a countercurrent  flow  of  air  (35). 

2.2.5  Module  V - Magnesivn  Hydroxide  Racoeary 

The  purpose  of  this  nodule  is  to  recover  the  nagnesiun  as  the  hydroxide,  and 
to  return  the  KCl  and  CaCl2  to  Module  I,  as  shown  in  Figure  2-8. 

The  decarbonated  streaa  (37)  fl(»>s  into  a line  treat  tank  where  line  and  make- 
up aagnesia  are  added.  Magnesiun,  in  solution  as  chl<»'ide,  is  precipitated  as 
hydroxide  and  the  slurry  sent  to  a olarifier/thickMier.  The  overflow  (4) 
containing  calciun  and  potassiun  dilcx'ides  is  returned  to  Module  I.  The 
underflow,  Mg(0H)2,  is  punped  to  a wash  tower  (in  order  to  rerove  any 
remaining  brine)  and  then  soit  to  Module  VI. 

2.2.6  Module  VI  - Ccmversion  of  Magnesitp  Hydroxide  to  Magnesitn  Carbonate 

Module  VI  is  shown  in  Figure  2-9.  The  washed  magnesium  hydroxide  is  pvanped  to 
the  top  of  a carbonating  tower.  Stack  gas,  assuned  to  contain  31  percent 
carbon  dioxide,  is  bubbled  through  the  tower,  which  is  designed  to  absorb 
40  percent  of  the  carbon  dioxide.  Magnesim  carbonate  flows  from  the  bottom 
of  the  carbonating  tower  into  an  age  tank.  The  purpose  of  the  age  tank  is  to 
allow  the  growth  of  larger  magnesium  carbonate  trihydrate  crystals,  which 
prevent  excessive  thickening  in  the  Engel  salt  reactor.  The  overflow, 
containing  the  smaller  crystals,  is  recycled  back  to  the  carbonating  tower. 

The  larger  crystals  are  pimped  out  near  the  bottom  (33)  and  sent  to 
Module  III. 

2.2.7  Module  VII  - Potassium  Carbonate  Recovery 

The  primary  purpose  of  this  mod'le,  which  is  shown  in  Figure  2-10,  is  to 
evaporate  water  from  the  potassium  bicarbonate  stream  (43)  and  return  carbon 
dioxide  to  the  Engel  salt  reactor.  The  amount  of  carbon  dioxide  required, 
however,  is  short  by  one-half  the  carbon  dioxide  lost  in  Module  IV,  stream  36. 
In  order  to  make  up  for  this  caruon  dioxide,  a slip  stream  of  feed  (stream  43) 
is  reconverted  to  bicarbonate  by  running  it  through  an  absorber  in  contact 
with  stack  gas.  The  subsequent  decomposition  of  the  bicarbonate  in  the  vapor 
recompression  evaporator  then  supplies  the  necessary  make-up  carbon  dioxide 
(26)  for  the  Engel  salt  reaction. 

The  main  potassim  bicarbonate  feed  stream  (43)  is  concentrated  in  a vapor 
reccmpression  evaporator  where  the  bicarbonate  is  decomposed  to  potassim 
carbonate  and  carbon  dioxide.  The  potassim  carbonate  then  flows  to  a steam 
heated,  falling  film,  vertical  tube  evaporator.  The  concentrate  is  sent  to  a 
steam  heated  forced  circulation  crystallizer.  Fr«n  the  crystallizer,  a stream 
containing  potassim  carbonate  crystals  is  centrifuged  to  nearly  dry  potassim 
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FIGURE  2-7 

MODULE  IV  - DECARBONATION  OF  MAGNESIUM  BICARBONATE 


KC\/Cr\Ctj_ 


MODULE  V - MAGNESIUM  HYDROXIDE  RECOVERY 
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FIGURE  2-9 

MODULE  VI  - CONVERSION  OF  MAGNESIUM  HYDROXIDE  TO  MAGNESIUM  CARBONATE 


MODULE  VII  - POTASSIUM  CARBONATE  RECo  ERY 
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etrb<mat«»  trbloh  la  oonvtyad  to  tha  rotary  dry«*  aaar  tha  MS)  ooabi»t«r.  Tha 
aaad  is  drlad,  llica  tha  )dtD  ooal,  by  ualng  hot  (t97^P)  MID  flua  laa. 

Tha  oarbtti  ^o]d.da,  whleh  la  vantad  froa  tha  top  of  tha  vapm*  raocapi'Maion 
evaporator,  la  oontaotad  with  wara  oondanaata  to  haat  and  aatirata  tha 
daooapoaltlon  raaotor  waah  water  »dth  TOp.  Tha  wpor  la  than  ooolad  to  85®P 
In  a baroaatrlo  oondanaar,  ooapraaaad,  and  dallvarad  to  ttM  Engal  aalt 
raaotor. 


2.3  PROCESS  SCALING  TO  ETF  REQOIREMSNTS 

Although  scaling  was  generally  done  nodule  by  aodule,  following  the  RCC  Task 
#2  Report,  certain  Itaas  ware  Indl^dually  sealed  to  reflect  tha  changes  In 
solids  and/or  water  contents  of  certain  streaas.  Generally,  equlpaant  was 
scntled  baaed  on  liquid  flow  rates. 

In  Module  I,  a general  scaling  factor  of  2 was  used,  except  for  tha  dissolver- 
reactor  and  o<Ktvayor  which  were  scaled  at  1.5,  since  the  flows  throu^  then 
were  not  as  large  as  the  other  flows. 

A general  scaling  factor  of  1.46  was  used  in  Module  II.  A factor  of  1.74  was 
used  for  the  KCl  centrifuge  with  1.88  for  the  NaCl  centrifuge  and  the  sunp 
punp  since  cake  water  contents  were  increased.  The  KCl  conveyor  was  scaled  by 
1.33  and  the  N^l  cmveyor  by  0.20,  based  on  nesses  carried.  Thus,  the  two 
conveyors  are  different  sizes  in  the  scaled  plant. 

The  third,  fourth,  fifth,  and  sixth  nodules  each  had  a single  scaling  factor 
for  every  iten,  1.55  in  the  third,  1.44  in  the  fourth,  1.41  in  the  fifth,  and 
1.43  in  the  sixth.  All  were  scaled  on  fluid  flows. 

Only  two  items  in  the  last  module,  VII,  had  individual  scaling  factors.  The 
centrifuge  was  scaled  at  1.75,  based  on  water  content,  and  the  conveyor  at 
2.14,  due  to  the  increased  mass  carried.  All  other  items  were  scaled  at  1.44. 

The  Engel-Precht  reprocessing  plant  will  also  require  utilities  from  the  MID 
plant.  Two  stean  lines  arc  needed,  one  for  5,735  Ib/hr  of  100  psig  steam  and 
one  for  15,130  Ib/hr  of  60  psig  steam. 

Two  flue  gas  lines  are  also  needed.  One  will  supply  27,  332  Ib/hr  of  150®F 
flue  gas  as  a source  of  COg.  The  other  will  supply  80,280  Ib/hr  of  497°F  flue 
^s  to  dry  the  regenerated  K2O3. 

A cooling  water  flow  of  904,105  Ib/hr  or  1,807  gpm  is  also  needed. 

Finally,  the  scaled  reprocessing  plant  contains  approximately  2,600  horsepower 
identified  in  various  items.  To  this  was  added  additional  dmands  for 
centrifuges,  conveyors,  clarifier  rakes,  etc.,  not  included  in  the  RCC  report, 
in  the  amount  of  865  horsepower  for  a total  of  3,465  horsepower.  This 
represents  a demand  of  2.58  MW  from  the  plant  electrical  output. 

The  above  scaling  factors  and  utility  requirements  have  been  used  in  the  cost 
and  the  ^fiiD  plant  efficiency  calculations. 
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S.  4 PROCESS  mss  AND  BNERGX  BAUNCS 

2.4.1  Prootos  M«m  Balanot 

Tho  MiD  pltat  will  put  out  27 1 889  Ib/tr  of  opont  oood  froa  tho  BR/3R  tad  BSP 
units.  Of  this,  16,821  Ib/hr  will  bo  dlroetly  rtoyolod  to  tho  Mfi)  ooibustor. 
This  will  provido  oil  tho  K2SO4  noodod  tot  ^omo  om^etivity  pia*posoo.  It 
will  also  i^i^do  217  Ib/hr  at  tho  8,209  Ib/lsr  of  K2CO3  Modod  for  std.fur 
control.  Tlais,  7,992  lb/)r  of  K2C03  oust  bo  obtoinod  froa  tho  seod  ^ooossiag 
plant. 

Tho  11,  (^6  Ib/hr  of  spont  sood  roaaining  aftor  diroot  rooyolo  conatitutos  tho 
priaary  input  for  ro^oossing.  Othor  inputs  roquirod  aro  3,749  Ib/tu*  of  CaO, 
H Ib/hr  of  MgD,  2,033  Ib/hr  of  36  wt.  poroont  HC1,  1,138  lo.^hr  of  1X1,  and 
3,412  Ib/hr  of  CO2  dorivod  from  MID  fluo  gas. 

Tho  prlBsry  output  of  the  rofrooossing  plant  is  tho  7,992  Ib/tr  of  K2CO3 
roquirod.  Thero  are  also  two  waste  stroou  totaling  24,772  Ib/hr.  An 
insolubles  waste  stroaa  of  22,208  Ib/tr  contains  8,596  lb/)r  of  gypsua  (CaSOq 
2H2O},  1,624  Ib/hr  of  CaC03,  741  Ib/hr  of  insolubles,  101  Ib/hr  of  Ng(0H}g, 

28  Ib/hr  of  Engel  salt  (ICHOO3  . HgC03  • 4H20),  and  11,118  Ib/hr  of  HgO.  A 
solubles  waste  strew  of  2,564  Ib/hr  contains  1,769  Ib/hr  of  NaCl,  148  Ib/hr 
of  CaCl2.  S Ib/hr  of  MgClg,  and  639  Ib/hr  of  H2O. 

Tho  reprocessing  plant  uses  903,000  Ib/hr  of  1,807  gpB  of  cooling  water. 

The  6,706  Ib/hr  of  process  water  needed  is  supplied  by  the  water  in  tho  HCl 
solution,  Strew  34,  the  booster  stew  in  Strew  30,  and  tho  oondonsato  free 
Streaffis  48  and  49.  Other  water  needs  are  supplied  by  internal  generatiM  and 
recirculation.  In  fact,  the  water  balance  is  slightly  positive  with  none 
water  into  the  reprocessing  plant  than  out.  However,  several  vents  have  not 
been  considered,  nor  has  a leakage  account  been  taken.  Hence,  the  water 
balance  can  be  considered  closed. 

Details  of  the  above  are  contained  in  Figures  2-4  through  2-10  a.id  Table  2-2. 
Figures  2-4  through  2-10  have  been  taken  froa  the  RCC  Task  #2  Report,  but  have 
been  remssbered,  since  considerati<m  has  been  given  in  the  scaling  only  to 
those  streams  crossing  module  boundaries.  This  resulted  in  elimination  of 
some  internal  streams  and  addition  of  strews  from  vents ^ etc. 

2.4.2  Process  Energy  Balance 

The  ETF  design  was  modified  where  necessary  in  order  to  acewmodate  tlM  energy 
requlrwents  of  the  scaled  RCC  process.  All  heat  balance  calculations  were 
restricted  to  the  interface  between  the  Engel-Precht  Process  and  the  bottoming 
cycle  of  the  MID-ETF  system.  These  are  described  in  Section  3.3.  As  shown  in 
Attachment  A,  the  hea;  l^lance  perfermed  by  RCC  used  an  overall  approach.  A 
heat  and  material  balance  .ver  each  itw  of  equipment  should  be  carried  out 
during  any  detailed  design  phase  which  may  be  initiated  at  a later  date. 
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2.5  PROCESS  EOONONXCS  FOR  ON-SITE  REOBIIERATIOH 

2.5*1  Cipltal  Cot to 

Copool ty  aodifiootlmo  to  tbt  Etifol-Pro^t  Proooso  imto  aodo  oo  dMorlbod  In 
Sootion  2.3.  Tho  r«ults,  tthioh  oro  In  tho  forn  of  tho  aotoriol  bolonoo  ahown 
in  Toblo  2-2,  v«ro  obtolnod  by  opplylng  oooling  foot<a*o  to  tbo  RCC  MNt 
Rooobud  Cool  Coot.  With  fou  oxMptlon,  tho  ono  oooling  footoro  w«ro  oppllod 
to  tho  oqulpawt  oMto  llstod  by  RCC  tot  tho  tSO  Mft  Roooteid  CmI  Cooo.  Tho 
rMultlng  totol  plont  Invoataont,  whloh  lo  shoim  In  Toblo  2-3,  Is  bosod  on  tho 
following  ossuoptl^: 

1.  All  costs  In  tho  ostlaoto  oro  bosod  on  i»'os«nt  doy  oosts  (1st  quortor, 
1981)  to  oolncldo  with  tho  )ffl)^TF  oost  suBBory. 

2.  All  ■ojm'  oqulpBWt,  loss  tho  rotory  dryor,  woro  oxtropolotod  fron  tho 
RCC  A50  MWt  Rosobud  Cool  Coso.  Booh  itoa  wos  roalsod  to  oorroopmid  to  o 
spent  sood  roto  of  11,068  Ib/hr,  ond  tten  ojq>onaitlolly  oostod  «id 
osoolotod  one  yoor  for  oooh  spoolflo  aojor  ocapmont. 

3.  Cost  for  tho  rotory  dryor  is  o vendor  budget  oost  with  instollotiott  oost 
provided  by  in-hovae  erection  dots. 

t|.  Bolonoo  of  Aooount  (BOA)  costs  oro  token  os  30  poroont  of  the  aojm* 

ccapononts  oost.  This  is  tho  sane  peroentoge  used  in  the  )fiD-BTF  boiler 
plont  oost  estlBoto.  Those  oosts  include  bulk  aoteriols,  o.g.,  piping, 
cable,  wiring,  instrmentatlon,  valving,  ond  others. 

5.  Installation  costs  are  67  percent  of  major  oonponents  and  BOA  as  shown  in 
the  above  mentioned  case. 

6.  Indirect  oosts  are  70  percent  of  installation  labor  and  re{wos«at 
ccnstructor's  home  office  project  support,  field  supervision,  field 
office,  temporary  facilities,  small  tools,  consumables,  construction 
equipment,  etc. 

7.  Engineering  costs  for  professional  services  are  8 percent  of  total  direct 
and  indirect  costs  less  contingmoy. 

8.  Other  costs  are  an  allowance  of  2.5  percent  of  the  sum  of  the  direct, 
indirect,  and  professional  services  for  government  field  staff  and 
owner's  legal  fees. 

9.  Contingency  is  20  percent  of  total  plant  oost  because  there  is  a high 
risk  due  to  the  developmental  nature  of  the  i»'Ocess. 

With  the  exception  of  it«o  5,  these  assumptions  are  the  same  as  ttx>se  used  in 
the  ^filD-ETF  COER  Cost  Suamiary.  Item  5 was  based  upon  the  IfID  Ccmmecial  Plant 
Study. 
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TABLE  2-3 

OB-ain  BiiaK.-9BBcaT  fwtaaa  CAPgAL  post 


Materials 


1 

Major  CoBponaota 

1 

5,3AA,000 

1 

1 

t 

f-- 

1 

1 

BOA 

1,550,000 

Subtotal 

$ 

6,896,000 

f 

1 

1 

Braotloa 

t 

Labor  Inatallatien 

A,62C,000 

1 

$ 

Total  Diraot  Coat 

1 

11,516,000 

f 

Indi roots 

3,23A,000 

Subtotal 

$ 

18,750,000 

Englnoorins 

1,180,000 

Other  Coats 

396,000 

Total  Plant  Coat 

A 

16,328,000 

Ccmtlngency 

3,266.000 

Total  Plant  Invaaticant  (1/8l) 

A 

19,598,000 
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Tto  f6Howl.vi  lt«M  v«  not  inti.udo4  In  ttao  ootlMtot 
0 Xntoroot  Airing  OMUtruotion 
0 SalM  w4  uio  tnxM 

o Coital  spnro  parts 

o SobaAalad  ovartina 
o Saoalation 

2.5.2  Qparatlna  and  Maintananea  (OilO  Coata 

0 t M oMta,  anoluding  find  oa^tal  otaargaa,  ara  aatia^ad  in  Tabla  2-t,  and 
tba  baaia  for  aadi  unit  ooat  ia  liatad  in  Tabla  2*5*  CiMaloal  ooata  In 
T^a  2-5  wara  talora  frov  tba  Chanioal  Markatlng  lapM>tar.  Utility  and  labor 
ooata  ara  baaad  on  ourrant  Oilbart  in-bouaa  coating  data. 

2.5.3  Product  Coat 
Fixaa  Chargaa 

Aaataing  tha  aaia  fiMd  Atargi  rata  and  oapai^ty  factor  aa  won  uaad  in  tba  Mb 
CSBR,  0.22  par  yaar,  and  65  paroant  (5|696  br/yr)  tba  fixed  ^largaa  for 
|M*oduolng  7t992  Ib/br  of  K2  OO3  m-aita  wara  aatisatad  aa  folloNs: 


0.22  X 19.59t.000  X 100 

7,992  r5,696 


t 9.t7  #/lb 


Operating  and  Haintananoa 

Baaed  on  the  annual  net  operating  and  aaintananoe  ooat  abrnm  in  Table  2-4,  tba 
oorreapondlng  ooat  in  oanta  per  pound  of  K2CO3  produoad  was  aatinatad  aa 
followa: 


4.362.000  X 100 
7,992  X 5,698 


ProdiKt  Coat  BaUaate 


9.62  d/lb 


Based  on  the  aaauaption  that  apant  aaad  ia  availatdi*  to  tba  Bngel-PraAit 
Prooesa  at  no  ooat,  tha  ooat  of  tba  product  will  be  9.47  * 9*62  > 19*1  d/lb. 

The  oin*rcnt  1961  coat  of  K9CO3  on  tba  open  narlnt  ia  26.3  d/lb  (1325/ton). 
The  aarket  value  of  K2SO^  is  apfroxiaataly  5d/lb  (|100/ton).  Baaed  on  the 
aastaption  that  the  spent  seed  ia  v«*th  2.5d/lb,  it  followa  that  tba  ooat  of 
ahipping  the  aeed  dM^cala  on  and  off  aita  ia  23.8  d/lb. 
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TABLE  2-4 

AMfUIL  OPERATING  AND  MAINTBNAHGB  COSTS,  (M-SITE  SEED  REPROGBSSIRG 

Plant  Capacity:  11,000  Ib/hr  Spent  Seed 

Amual  Availability:  5,698  hrs/yr 


Ccosiaiption 


Dally 

Aimual  1 

Unit  Cost 

Cost 

$ (*81) 

m 

Raw  Materials 

Line,  ton 

45 

10,684 

45 

0.481 

Potassita  Chlcride,  ton 

14 

3,324 

65 

0.216 

Magnesia,  ttm 

0.95 

226 

55 

0.012 

Hydroc^orio  Acid  (369),  t<» 

24.4 

5,793 

78 

0.452 

Frel^t,  tm,  ST/nl 

- 

20,026 

0.07^*> 

0.420 

Utilities 

PcHer,  KVh 

62,040 

14.7  X 10^ 

0.036 

0.529 

Cooling  Water,  gals  2,^1.744 

617.7  X 106 

0.00015 

0.093 

Steam,  Ib/hr 

86.2  X 106 

60  psig 

363, 120 

0.0073 

0.629 

100  psig 

137,640 

32.7  X 106 

0.0073 

0.239 

QAM 

Operating  Personnel,  hrs. 

96 

35,040 

17.00 

0.596 

Supervision 

- 

- 

209  Op.  Labor 

0.119 

Maintenance 

- 

- i 

4.09  TDC 

0.461 

Insurance  & Taxes  Allowance 

- 

- 

1.09  TPI 

0.196 

Waste  Disposal 

Gypsum  and  Flyash,  ton 

256.6 

63,296 

3 

0.190 

GROSS  OPERATING,  MM$/yr. 

4.633 

By-Product  Credits 

SodiuB  Chl(»*lde,  ton 

21.2 

5,033 

50 

(O.251) 

NET  OPERATING,  MM$/yr. 

4,382 

(^^Distance,  miles  300 


tngtntwrliMt  Stu^  3(Ml 
Hm  32  of  59 


TABLB  2-5 

BASIS  FOR  QH-SXn  OPBATXGN  OSSn(o) 


Liae 

$il5/ton 

PotauMlui  Chloride 

|65/too 

Naffieeia 

#55  /ton 

Hydrodilorie  acid  i3St) 

#78/ton 

Electricity 

#0.036/kHh 

Indiatrlal  Cooling  Hater 

#0.15/1.000  gal. 

Steal  # 100  pslg,  Of 

#7.W1.000  lb. 

Steaa  i ^ pslg,  V 

#7.30/1,000  lb. 

Operating  labor  (Inel.  fringe  & overhead) 

#17. 00/hr 

Supervision 

20f  of  labor 

Maintenance  (Mat'l  labor) 

4#  of  (apltal/year 

By- {products 

Haste  disposal  cost 

#3.00/ton 

Sodim  d)l<»'l<te  (»*edlt 

#50/ton 

(a)  These  operating  costs  are  based  on  data  fro«  the  Chenical  Marketing  Reporter 
and  current  Gilbert  In-house  costing  data  as  of  1st  quarter  1981 • 
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2.6 


PROCESS  BQONOKEGS  FOR  OPF-SITB  RBGBIBIUTaOM 


ItkOludlBg: 


narati<»i  i^ant  would  have 

to  supply  its  OMB  utilities 

100  paig  stoBB 

5,735  Ib/hr 

60  paig  steaa 

15,130  Ib/tar 

Cooling  Hat«r 

903.000  Ib/hr 

1,807  gpa 

BoilM'  feed  water  makeup 

21,000  Ib/hr 

42  gpm 

Carbon  dioxide 

3,400  Ib/hr 

Power 

2.58  Ml 

Ttw  additlmal  aquipBent  needed  for  the  stmd  «l<me  plant  la  a asally  oil 
fired  package  bollar,  including  feed  water  treatuent.  a cooling  water 
recireulati<m  and  heat  rejection  ayst«,  a CO2  aupply  ayatoi,  and  ator«ge 
ailoa  with  aaaooiated  oonveyora. 

Since  there  ia  not  mough  OO2  in  the  boil«*  flue  gaa  to  aupply  the  pl«at,  a 
aeparate  OO2  atorage  and  aupply  ayatea  waa  aaataMd.  It  wu  alao  aaataed  that 
the  power  needed  waa  parotias%6  from  the  grid. 

capital  coata  of  the  package  boiler  and  the  cooling  tower  replace  the 
operating  coata  for  ateu  and  oooling  water.  However,  additional  operating 
ooats  are  picked  up  for  fuel  oil  and  for  carbon  dioxide. 

Ualng  the  same  assuoptiona  aa  in  Sectlwi  2.5,  the  total  plant  inveataent, 
including  the  additional  equipment,  la  tabulated  in  Table  2-6.  The  0 4 M 
coats  and  baala  are  talmlated  in  Tables  2-7  and  2-8. 


The  iHTOduct  cost  for  off-site  regeneration  was  estiaated  in  the  sane  Banner  aa 
ftw*  on  site  regeneration. 


Fixed  Charges 


0.22  X 22.500.000  x 100 
7,992  X 5,698 


Operating  and  Nalntencance  3 


5.W.000  X 100 
7,992  X 5,698 


10.87  d/lb 
11.96  d/lb 


Spent  Seed  Cost  = ^ ^ ^99?^^  " K2CO3  produced 

Total  Product  Cost  x 10.87  ♦ 11.96  + 3*^6  * 26.3  d/lb 

The  current  coat  of  K2CO3,  if  purchased  in  the  open  market,  is  api»'OxiBately 
26.3  d/lb  ($525/ ton). 


■mtiiKurtat  301 

HmV*9rn 


Tmi  2-6 

Orr-SITE  MGiL-flBCBT  P10CK»  GI2ItAL  008T(*) 


Hajor  CoapoMiits 
fOk 

&ibtotal 

Eraetion 

Labor  Inatallation 

Total  Direct  Coat  (TDC) 

Indi recta 

Subtotal 
Engineering 
Other  Coata 

Total  Plant  Coat 
Contingency 

Total  Plant  Inveatamt  (TPl)  (1/81) 
Total  Off-Site  Plant  Inveataent 


AdtHUoMl 
CaidLtal  tve 

Oapalte  Off-Slte 


1 

5i3A6,000 

8 

1,000,000 

1,5?0,000 

550,000 

1 

6,896,000 

8 

1,550,000 

A,620,000 

370,000 

I 

11,516,000 

8 

1,920,000 

3,238,000 

260,000 

1 

18,750,000 

8 

2,180,000 

1,180,000 

170,000 

398,000 

60,000 

1 

16,328,000 

8 

2,810,000 

3,266,000 

890,000 

$ 

19,598,000 

$ 

2,900,000 

1 

22,898,000 

(o)  Theae  on-aite  najor  ooaponenta  ooata  are  baaed  priaarily  upon  aoaled  up 
RCC  data.  Additional  capital  ooata  are  eatiaated  by  Qilbert. 
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TABLE  2-? 

AMttiAL  GPEBATING  AMfi  MAlMTEIiAMCS  GOST,  OTF-SITB  SEED  BEFltOCBSSZHO 

Plant  Capaolty:  11,000  It/lr  Spant  Saad 

Arauial  Awllablllty:  5,698  hrs/yr 


Consumption 

Daily 

Annial 

Unit  Coat 

Aiffiual  Cost 

$ (81) 

m 

Ran  Materials 

Lime,  ton 

45 

10,684 

45 

0.481 

Potaasiw  Chloride,  t<» 

14 

3,324 

65 

0.216 

Maffiesia,  ton 

0.95 

226 

55 

0.012 

Hydro(^oric  Acid  (365),  tan 

24.4 

5,793 

78 

0.452 

Carbon  Dioxide 

41 

9,722 

0.690 

Freight,  T,  T/al 

- 

20,026 

0.07<») 

0.420 

UUliUes 

Power,  Hh 

62,040 

14.7  X 

10®  0.036 

0.529 

Fuel  OU,  gal 

5,863 

1.39  X 

10®  0.81 

1.128 

QAM 

Operating  Personnel,  hrs. 

120 

43,800 

17.00 

0.745 

Supervision 

- 

- 

205  Op.  Labor 

0.149 

Maintenance 

- 

- 

4.05  TDC 

0.461 

Insurance  & Taxes  Allowance 

- 

- 

1.05  TPI 

0.225 

Waste  Disposal 

Gypsun  and  Flyash,  ton 

266.6 

63,296 

3 

0.190 

GROSS  OPBRATINC,  MM$/yr. 

5.698 

By-Product  Credits 

Sodlin  Chloride,  ton 

21.2 

5,033 

50 

(0.251) 

NET  OPERATING,  MM$/yr. 


5.1147 


^o^Distance,  300  miles 
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T4BLI  a*8 

BISI8  FOR  QFP-Sm  QTIMTXMQ  008tS(«) 


LiM 

PotMaiui  Chlorida 
Ha^nMla 

Hydrot^orio  sold  (365) 

Carbon  Dioxide 
Bleotrioity 
Fuel  Oil 

Operating  labor  (inol.  fringe  & ORD) 
Supervlaion 

Haintenanoe  (Nat'l  labor) 
By-products 

Waste  disposal  oost 
Sodiia  chloride  credit 


H5/ton 

165/too 

155/toD 

$78/ton 

$71 /ton 

$ 0.036/)drh 

$ 0.81/gal 

$17.00/br 

205  of  labor 

85  of  oapital/year 

53.00/ton 

$50/ton 


(a)  These  operating  costs  are  based  on  data  froa  the  Cheoioal  Marketing  Reporter 
and  current  Gilbert  in-house  costing  data. 


SnfinMrlni  Study  304 
Ptft  37  of  59 


3.0  PROCESS  INTEQRATIOM 

3. 1 SYSTEM  INTBORATION  GRITBRIA 

Tho  BTF  systai  hoot  and  matorlal  balanoa,  aa  shown  on  Drawing 
No.  8270-1*540-314*001 , was  based  on  a oooe-through  oaloulatloo.  Reoyollng 
inoreases  the  sore  volatile  oonatltuents  of  the  fresh  ash,  and  the  different 
ohealoal  ooeposition  of  the  re|M*ooessed  seed  streaa  will  further  ehange  the 
state  points  along  the  flow  path  through  the  channel  and  HR/SR.  Sosie  changes 
in  the  topping  cycle  state  points  (froe  the  onoe- through  oase)  will  occur,  but 
the  changes  are  expected  to  be  snail  by  ocaparison  with  uncertainties  caused 
by  lack  of  general  ae*eeaent  on  the  ohenloal  oonposltlm  of  the  condensed 
species.  For  this  reason  a rigorous  evaluation  on  the  inpaot  of  reprocessed 
seed  on  the  topping  cycle  was  not  conducted;  and,  without  a rigorous 
evaluation  of  the  topping  cycle,  it  was  decided  that  it  would  be  inappropriate 
to  generate  a new  heat  and  aass  balanoe  diagroi  of  the  BTF  oyole  for  the 
integrated  case.  This  study  was  United  to  the  assessaent  of  the  oost  and 
technical  impact  of  ETF /Engel -Preoht  integration  by  making  the  maximum  use  of 
studies  alt'eady  reported  in  the  MiD-BTF  COGR  and  the  RCC  Task  #2  Report. 

Althou^  no  overall  heat  and  mass  balanoe  diagram  was  generated,  the  steam 
cycle  was  rebalanced,  and  the  flue  gas  distribution  downstren  of  the  heat 
recovery  equipmuit  was  revised  to  reflect  the  on-site  reprooessing 
requirtaents . 

3.2  INTEGRATED  SYSTEM  DESCRIPTION 

3.2.1  Systems  Analysis 

3.2. 1.1  Summary  of  Process  Requirements 

Based  on  the  process  mass  balance  the  process  requirements  to  regenerate  spent 
seed  are  as  follows: 

Electrical  Power 

Steam 


Flue  Gas  for  COj 


Flue  Gas  for  Seed  Drying 
Cooling  Tower  Heat  Rejection 


2,585  kW 

5,735  Ibm/hr  dry  saturated  at 
100  psig 

15,130  Ibm/hr  dry  saturated  at 
60  psig 

8,531  Ibm/hr  COj  (27,331  Ibm/hr 
flue  gas  at  228<^F  stack 
temperature 

80,280  Ibm/hr  at  480. 9°F 
22.6  X 106  Btu/hr 


Englnetrlng  Study  304 
Paft  38  of  59 


3.2. 1.2  Prooodurt 

ETP  plant  perfomanoo  was  analytloally  avaluatod  uaing  tha  QAI  PROTEUS 
ooaputer  ooda.  Saad  raprooaaaing  prooaaa  raqulr«ianta  tot  alaotrloal  powar, 
ataam,  flue  gaa,  and  heat  rajaotion  uara  intagratad  Into  tha  ourrant  ETP 
configuration  to  avaluata  tha  plant  affioimoy  lapaot.  For  tha  intagratad 
on*aite  aaad  raprooaaaing  oyola,  tha  MHD  ooabuator  would  ba  aaadad  with 
raprooeaaad  aaad.  Tha  ooapoaition  and  flow  rata  of  tha  aaad  atraaa  in  thia 
caae  ia  aoaeuhat  diffarant  than  for  tha  ourrwit  ETP  oyola.  For  thia  atudy  the 
impact  that  raprooeaaad  aaad  atraan  oompoaition  and  flow  rata  would  hava  on 
the  gaa  path  performanoe  were  aaauaad  to  be  negligible.  Performanoa 
evaluation  of  the  ETP  cycle  with  integrated  aead  raprooeaaing  waa  limited  to 
modificationa  to  the  ataam  cycle,  auxiliary  power,  and  flue  gaa  diatrlbution. 

3.2. 1.3  Diaouaaim 

The  MHD  ETF  cycle  computer  analyaea  carried  out  to  date  aaauned  onoe>through 
aeed  flow  with  off-aite  re|w*ooeaalng  of  apent  aaad.  Figure  2-1  ahowa  the 
aollda  flow  diagram  tor  the  Conceptual  Deaigi  Engineering  Report  (ODER) 
configuration.  For  the  ourrant  atudy,  on-aita  raprooeaaad  aaad  waa  to  ba 
uaed.  The  aolida  flow  diagram  for  thia  oonflguraticm  ia  ahown  on  Figure  2-2. 
The  aolida  flows  in  these  figures  are  essentially  the  same  as  the  solids  flows 
for  the  once- through  case,  except  f«*  an  added  ash  flow  of  3,537  Ibo/hr  which 
was  included  in  the  reprooessed  seed  sent  to  the  MiD  combustor.  Tha 
additional  ash  flow  was  considered  negligible  and  all  daaigi  parameters  for 
the  topping  cycle  were  assmed  to  remain  unchanged.  Actually,  this  additional 
ash  flow  would  increase  flue  gas  flow  0.34  percent.  Studies  on  the  Impact  of 
the  added  ash  flow  on  ooabuator  performance  have  indicated  that  flame 
temperature  and  conductivity  decrease  by  15°P  and  4.6  percent,  respectively. 
The  flame  temperature  decrease  is  not  large  but  the  4.6  percent  decrease  in 
conductivity  is  mo.''e  than  a negligible  change.  However,  compensating  any  loss 
in  MHD  channel  power  due  to  reduced  conductivity  is  the  increase  in  both 
channel  and  steam  turbine  power  that  would  be  generated  by  the  increased  flue 
gas  flow  produced  by  the  higher  seed  flow  rate.  Considering  the  scope  of  work 
for  thi'  task  the  assunption  that  the  added  ash  flow  will  not  Impact  the 
topping  cycle  operating  characteristics  seems  to  be  appropriate.  The  seed 
reprocessing  integration  analyois,  therefore,  concentrated  on  the  modification 
of  the  steam  cycle  and  flue  gaa  flew  distribution  to  meet  the  seed 
reprocessing  requirements.  These  1 wQuirements  were  Integrated  into  the  ETP 
cycle  as  follows: 

1.  Electrical 

To  meet  the  electrical  power  needs,  the  plant  auxiliary  power 
requirements  were  increased  the  appropriate  amount. 

2.  Steam 

The  aeed  reprocessing  system  requires  5,7b5  Ibm/hr  of  dry  saturated  steam 
at  113  psia  (100  psig)  as  well  as  15.130  Ibm/hr  of  dry  saturated  steam  at 
73  psia  (60  psig).  To  provide  this  dry  saturated  steam  for  seed 
reprocessing  the  steam  turbine  generator  set  was  reconfigured  jlightly 
from  the  ODER  design  as  shown  in  Figure  3-3.  The  unit  remalri^ii  a tandem 
compound  reheat  type  steam  turbine  with  1,815  paia/1,000<¥  thro** tie 
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condition!  with  a 1,OOOOP  rohoat.  Howovar,  tha  low  {M'aaaura  turbina 
oroaaowar  ataaa  praasura  waa  liKH*aaaad  froB  tha  58.6  pala  uaad  in  tha 
COBR  daaica  to  80.8  pala.  Thia  provi<ted  a nora  aooaaaiblt  ataia  tirhina 
axtraotlon  point  to  supply  tha  73  pals  staaa  flow  for  aaad  raprooaaainc* 
To  aaat  tha  113  psla  staan  flow  raqulranant,  anothar  ataaa  axtraotlon 
point  at  129.5  psla  was  addad  to  tha  rahaat  ataan  turbiM  aaotion.  Thasa 
staan  turbina  aodifioations  ara  oonaistant  with  standard  sta«  turtd.na 
praetioa  and  would  not  raqulra  a ouatoa  tiarbina  dasl^n.  Tha  axtraotlon 
prasauTM  aooount  for  tha  antlolpatad  staaa  llna  and  dasup^rhaatar 
prassura  drops  that  would  ba  a^MOtad  in  tha  atm  siq)pllad  to  tha  saad 
reprooasslng  site. 

The  two  staan  extractions  required  to  neet  the  seed  reprooesalng  flow 
requiments  ara  eaoh  superhaatad,  tharafore,  dMuparhaatars  ara  raquirad 
to  reduce  the  staan  to  dry  saturatad  oondltions.  Pea^atar  axtraotlon 
after  the  stean  oyole  booster  pusp  was  salaotad  tor  dasuparhaatlng  tha 
extracted  superheated  steam.  Feedwater  lareasure  at  this  point  was 
250  psla  whioh  was  sufficient  to  allow  for  line  pressure  drop  to  the 
desuperheater  while  pr'^viding  adequate  pressure  drop  In  tha  dasuparhaata* 
spray  nozzle.  Total  feedwater  extraction  to  desuperheat  both  stean 
strenas  was  2,979  Itn/hr  or  0.26  peroent  of  the  feedwater  flow.  Tha 
129.5  psla  stean  extraction  was  4,794  Ibn/hr,  to  whioh  941  Ibn/hr  as 
feedwater  spray  was  used  to  desuperheat  the  stean  for  the  113  Pol* 
delivery.  The  80.8  psla  orossover  point  supplied  13>092  Ibn/hr  staan  to 
which  2,038  Ibn/hr  of  spray  was  added  to  supply  the  73  psia  delivery. 

3.  Flue  Gas  for  CO2 

The  flxM  gas  extracted  as  a CO2  source  for  process  use  was  drawn  from  the 
duct  leading  to  the  stack.  Seed  reprocessing  needs  CO2  nt  150^  and 
16  psia,  and  flue  gas  at  the  stack  was  the  coolest  source  in  the  plant 
(23PF).  After  allowing  for  temperature  rise  in  the  oonpreasor  the 
temperature  of  this  flue  gas  reached  280^.  An  afteroooler  to  bring  the 
flue  gas  to  the  150^  temperature  requirement  was  needed.  Considering 
the  flue  gas  flow  rate  involved  (27,331  Ibm/hr)  to  supply  the  required 
CO2  (8,531  Ibo/hr)  an  air  aftercooler  was  assuaed. 

4.  Flue  Gas  for  Seed  Drying 

Flue  gas  for  reprocessed  seed  drying  was  drawn  from  the  main  flue  gas 
stream  between  the  electrostatic  precipitator  and  low  temperature 
economizer.  This  extraction  is  similar  to  flue  gas  extractions  required 
for  other  ETF  process  and  heating  needs.  The  60,280  Ibm/hr  of  flue  gas 
required  for  seed  drying  was  based  on  dryer  design  requirements 
established  by  the  dryer  manufacturer  and  asstnptions  made  in 
Section  2.1.3  regarding  the  water  in  the  wet  reprocessed  ceed.  The  dryer 
manufacturer  indicated  a 75^  temperature  approach  should  be  maintained 
between  the  flue  gas  and  the  seed.  The  prooess  required  that  the  seed 
enter  the  dryer  at  ?75^  and  leave  at  the  highest  temperature  the 
equipmoit  allows  (423<>F).  Therefore,  enou^  heat  was  required  in  the 
dryer  to  evaporate  the  surface  moisture  and  raise  it  to  the  dryer  flue 
gas  exit  temperature  (350^). 
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k fan,  which  rtqulrtd  additional  auailiary  powar,  waa  added  to  pMt  tha 
dryar  flua  fta  to  tha  aaad  dryar.  Tha  aain  flua  faa  induoad  draft  fan 
^vldad  tha  powar  raquirad  to  paaa  tha  dryar  axhauat  to  tha  aain  ata^. 

A baiiiouaa  waa  inoludad  in  dryar  axhauat  atraaa  to  raaowa  My  aaad 
alutriatad  in  tha  Tha  aaad  dryar  la  a rotary  typa  and  a aaall 

driving  aot<M*  waa  inoludad  in  tha  prooaaa  auxiliary  powar. 

5.  Cooling  Towar  Naat  Rajaotion 

Circulating  water  through  tha  ooollng  tow«*  waa  ln<n*aaaad  to  aoconaodata 
tha  haat  rajaotlon  rataa  for  aaad  raprooaaaing.  An  a raault  oiroulatlng 
water  piap  powar  and  cooling  tower  fan  powar  ware  Inoraaaad 
proportionally  by  tha  inoraaaad  oiroulatlng  water  flow  rata  and  inoraaaad 
haat  rajaction  load. 

3.2.2  Layout 

3.2.2. 1 Plot  Plan 

Integrating  tha  aaad  ragenaration  aqulpawat  into  the  axiating  plant 

will  require  oaraful  atudy  for  tha  optiaiMtion  of  tha  naoaaaary  utilltiaa. 
There  is  aufficiant  apaoa  available  for  tha  aaad  raganaratlon  facility.  The 
major  struoturas  to  be  added  are  tha  aaad  raganaratlon  building,  two  large 
diameter  clarlflMa,  and  a dryar  building.  Tha  aaad  regeneration  aystaa  will 
require  Integration  with  existing  equipment  auoh  as  storage  silos,  hoppers, 
and  conveyors.  All  other  new  equlpomt,  not  in  tha  above,  will  be  looatad  in 
the  existing  coal  seed  feed  building. 

Figure  3-1 » Plot  Plan,  is  a «nall  section  of  Drawing  No.  8270-1-210-007-001, 
Plot  Plan.  It  shows  the  suggested  location  of  tha  seed  regeneration  building, 
the  clarifiers  and  the  dryer  building  in  oross-hatoh. 

3.2. 2. 2 Materials  Handling  Systems 

As  shown  in  Figure  3-2,  seed  processing  begins  with  the  recovery  of  spent  seed 
in  the  convective  section  of  the  HR/SR  and  in  the  ESP.  The  spent  seed  at 
these  two  points  is  a mixture  primarily  of  K2SO11  and  fly  ash. 

As  the  gas  stream  passes  through  the  HR/SR  it  changes  direction  in  the 
convective  section  and  in  so  doing  the  spent  seed  falls  by  gravity  into 
hoppers  below.  The  spent  seed  in  the  hoppers  is  conveyed  by  a pneiaatio 
system  to  a spent  seed  storage  silo. 

The  gas  stream  continues  on  to  tha  ESP  idtere  moat  of  the  remaining  spent  seed 
and  fly  ash  are  removed  by  the  action  of  nr.  eleotroatatio  field.  Tha  spant 
seed  and  fly  ash  are  shaken  down  into  hOKPars  below  the  ESP.  From  the 
hoppers,  the  spent  seed  is  again  conveyed  by  a pnaiaatio  system  to  a second 
spent  seed  storage  silo. 

Por  startup  and  test  purposes,  new  seed  will  arrive  in  sealed  railroad  oars, 
100  ton  maxiata  oapaoity.  Tha  seed  is  dumped  into  ooverad  maohanioal 
conveyors  which  deliver  it  to  the  ^2^4  and  K2CO3  stw*aga  silos.  The  K2CO3  is 
covered  at  all  times  to  prevent  moisture  pickup  from  the  atmeaphare. 


ORIQWW- 

OF  POOR  QUALITY. 
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A ENGEL-PRECHT  PROCESS  EQUIPMENT  BUILDING 
B GYPSUM  THICKENER 

C MAGNESIUM  HYDROXIDE  CLARIFIER 

D POTASSIUM  CARBONATE  DRYER 

18  SPENT  SEED  AND  FLY  ASH  SILOS 

35  SEED  FEED  BUILDING 

37  SEED  UNLOADING  FACILITY 


FIGURE  3-1 

EQUIPMENT  LAYOUT  - PLOT  PLAN 


MHD 

COMBUSTOR 


FIGURE  3-2 

ON-SITE  SEED  REGENERATION 
MATERIALS  HANDLING 
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Undor  noraal  oporating  oonditiop.^,  spent  seed,  vhioh  is  mostly  K2S04t  is 
carried  by  truok  from  the  spent  seed  silos  to  the  K2SO4  storage  ailo  where  it 
is  unloaded  using  the  facilities  provided  for  unloading  the  railroad  oars 
containing  fresh  K2SO4.  Under  normal  operating  conditions,  wet  K3OO3  from  the 
seed  reprocessing  plant  is  mechanically  conveyed  to  the  K2CO3  dryer  and  then 
mechanically  conveyed  in  a closed  conveyor  system  to  the  K2CO3  storage  ailo. 

The  K2CO3  and  K2SO4  storage  silos  and  related  equipment  have  been  used  in  the 
smie  way  as  described  in  the  MHD-ETF  CDER  for  two  reasons.  First,  the  ETF  is 
a test  facility,  consequently  greater  operational  flexibility  is  achieved  by 
using  truck  transportation  for  the  K2SO4  and  by  retaining  the  large  K2SO4  and 
K2C03  storage  silos  within  the  K2SO4  and  K2CO3  recycle  loops.  Second,  it  is  a 
design  requirement  for  this  study  that  the  RCC  Modified  Engel-Precht  Seed 
Reprocessing  System  shall  use  the  storage  silos  and  related  equipment  as 
described  in  SDD-342. 

When  K2OO3  or  K2SO4  is  required  from  a storage  silo,  a mechanical  conveying 
system  carries  the  appropriate  amount  of  material  to  the  seed  preparation 
area. 

The  seed  preparaticm  area  is  combined  with  coal  preparation  near  the  coal 
preparation  building.  All  solid  seed  streams  are  weighed  and  flow  measured  in 
fuedera,  seed  for  the  K2SO4  feeder  and  regenerated  seed  for  the  K2CO3  feeder. 
The  individual  streams  are  fed  into  separate  reclaim  hoppers.  From  each 
reclaim  hopper  the  seed  is  fed  to  separate  pulverizers  and  finely  ground.  The 
powdered  seed  is  then  pneimatically  conveyed  to  a mechanical  cyclone 
collector.  The  proper  ratio  of  the  two  seeds  is  fed  to  and  intimately  mixed 
in  the  cyclone  collector.  The  mixture  of  seed  is  measured  continuously  by 
noting  the  total  weight  of  the  cyclone  collector. 

From  the  cyclone  collector  the  seed  mixture  is  fed  to  the  pressurized  seed 
lock  hopper  system  and  then  to  the  MHD  combustor. 

The  seed  regeneration  plant  receives  steam,  cooling  water  and  hot  flue  gas 
from  the  MHD-ETF  cycle  and  utilizes  these  in  the  chemical  process.  Other 
chemicals  required  are  brought  in  by  truck. 

3.3  SYSTEM  HEAT  AND  MASS  FLOW 

An  overall  heat  and  material  balance  for  the  integrated  system  is  shown  in 
Figure  3-3. 

Flue  gas  from  the  MHD-ETF  is  used  as  a source  of  carbon  dioxide  {CO2)  in  the 
the  Engel-Precht  Process.  It  is  tapped  off  the  main  flue  gas  straam  after  the 
induced  draft  fans  at  231°F.  The  temperature  is  too  high  for  use  in  the 
process  directly  so  it  is  passed  through  a ^93  to  air  heat  exchanger  to  reduce 
the  temperature  to  the  required  15OOF. 

Flue  gas  is  also  used  as  a source  of  heat  to  dry  the  product  from  the 
Engel-Precht  Process.  High  temperature  flue  gas  is  tapped  off  the  main  stream 
after  the  ESP  at  48l°F.  A booster  fan  moves  the  gas  through  a rotary  dryer 
mixing  it  with  wet  seed  from  the  process.  The  seed  is  tuabled  and  mixed  with 
the  hot  gas  driving  off  surface  moisture  and  bound  moisture. 
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FIGURE  3-3 

ON-SITE  SEED  REPROCESSING  MATERIAL  BALANCE 
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Th«  Eag«l-Pr«eht  SMd  rtiMroousslng  8yst«  rtqtdrM  st«ai  whi^  it  ittM  iu 
Mvtral  wy8i  tu^  at  to  amporatt  mtar  froa  a ohitoal  product  or  oraata  a 
vaouuB  In  a prooast  oontaiiamt  rattal  by  saant  of  an  aduotor.  Tha  fogal- 
Prad4t  Prooast  utllisat  two  ttaaa  ocndltloat  - 100  ptlg  and  60  ptig  dry  and 
satwatad. 

Hhan  ooaratlng  In  oonjtnotlon  with  tha  IfflO-ETF  plant  all  tha  utllitias  will  be 
8i4>pllad  by  tha  Topping  and  Bottoalng  Cycles  - tha  alaotrlolty,  tha  ooollng 
watv,  tha  heat  and  CO2  froa  tha  flue  gat  and  tha  staas.  nils  staaai  Is 
noraally  extraotad  froai  two  points  on  tha  aaln  staaa  turbine. 

To  back-up  the  extraction  staaoi  supply  frcw  the  wain  turbine  (should  there  be 
any  naif  unction,  or  If  the  plant  is  down)  tha  Auxiliary  Staan  Systaa  (SDD-051) 
can  be  railed  upon  to  take  over  this  function. 

Tha  Auxilary  SteM  Systaa  has  si^ioimt  oapa<dty  to  handle  the  flow  required 
by  the  Engel-Pradit  Process.  The  boiln's  are  noadnally  rated  at  100  psig, 
350<T  wbic  is  slightly  superheated.  The  60  psig  stean  is  obtained  by  pressure 
rediKtion  of  the  100  psig  staan,  and  If  there  is  any  objections  to  tte  sli^t 
anount  of  supnrheat,  spray  water  can  be  added  in  a da>sup«r*haating  station 
which  will  take  care  of  this  condition. 

In  either  case,  using  the  extraction  sten  fron  the  naln  stean  turbina  or 
obtaining  the  stMa  fron  the  Auxiliary  Steam  Systen,  the  nake-up  water 
requirenents  to  replace  the  ap{»^>ximately  21,000  Ib/br  of  stean  will  be  the 
sane. 


An  external  cooling  water  source  is  required  and  is  supplied  fron  the 
circulating  water  systen,  cooling  tcmer  complex. 

Raw  materials  for  the  Engel -Precbt  Process  are  spent  seed,  flue  gas  (C02), 
steam  and  various  chemic^s.  The  end  product  is  reprocessed  seed  (wet  K2CO3) 
and  waste  products  such  as  minerals  and  flue  gas  depleted  of  OO2. 

3.4  ETF  IMPACTS 

3.4.1  Impact  on  Plant  Efficimcy 

Integrating  the  seed  reprocessing  unit  into  the  ETF  cycle  reduced  the  steam 
turbine  generator  power  produced  because  of  the  new  steno  extractions  for 
process  use  and  because  of  the  increased  stean  extracti<xi  required  for 
feechiater  heating.  The  increased  feedwater  heating  was  required  to  offset 
heating  that  i»*evlously  was  done  by  the  flue  gas  in  ^-he  economizer  in  the  CDER 
design.  In  the  integrated  systen,  this  flue  gas  is  now  extracted  for 
reprocessed  seed  drying.  In  addition,  auxiliary  power  was  increased  to  meet 
the  electrical  requirements  of  the  process  equipment  and  to  supply  the  power 
requiremmts  of  the  necessary  support  systems,  such  as  added  cooling  tower 
power  requirements  because  of  heat  rejection  due  to  process  Influmee,  and 
feedwater  power  requlremmts  necessary  to  supply  the  additional  water  f(x*  the 
steoB  extractions  for  process  use.  The  net  result  was  that  plant  gross  power 
decreased  and  auxiliary  power  increased.  Net  power  output  decreased  4.7  MWe 
for  constant  heat  input  (coal  flow).  Table  3-1  sunmarizes  the  plant 
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TABLE  3-1 

ETF  PERPORHANCE  StNttRY  FOR  I^ITEGRATED 
ON-SITE  SEED  REPROCESSINQ  CYCLE 


Seed  Repr'^'^slng  included 

Yes 

No 

(COER  Design) 

Gross  Power,  kW 

213,192 

215,130 

Auxiliaries,  W 

12.780 

Net  Power,  kN 

197,636 

202,350 

Coal  Heat  Input,  kWt 

531,974 

531,974 

Plant  Efficiwjcy,  % 

37.15 

38.03 

Plant  Heat  Rate,  Btu/kWh 

9,165 

8,972 
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porformanoo  for  th«  BTF  oyole  with  and  uithout  on-sltt  saad  roprooMsiof.  As 
can  bt  raadily  saan  on  Tabla  3-*1t  the  Intagration  of  aaad  raprooaaslns  Into 
tha  ETF  oyole  will  produce  nearly  an  0.9  point  drop  In  plant  effiolenoy  and 
nearly  a 5 HH  de<s*aaae  in  net  power  output.  However,  thMa  lapaote  are  offset 
by  an  operating  expanee  savings  of  not  buying  fresh  seed  whioh  results  in  a 
saall  deorease  in  the  cost  of  eleotriolty. 

3.4.2  Impact  on  Equipment 

Adding  a seed  reprooesslng  unit  to  the  site  will  result  In  more  equiiaient, 
structures,  conveyors,  piping  and  duct  work  whioh  will  raise  the  total  cost  of 
the  MHD-ETF.  Adding  equipo«it  will  also  add  to  the  complexity  of  operating 
the  plant.  On  the  other  hand  better  control  oan  be  exercised  over  seed 
management  and  seed  quality. 

In  order  to  Integrate  the  seed  regeneration  plant  with  the  present  ETF  design 
a feu  additions  and  resizing  of  existing  equipment  must  be  done.  The  major 
changes  include: 

o Increasing  the  size  of  the  cooling  tower  by  2.0  percent  to  provide 
cooling  water  to  the  seed  regeneration  plant. 

0 Increasing  the  plant  makeup  water  system  by  2.0  percent  since  the  seed 
regeneration  plant's  condensate  will  be  used  as  makeup  process  water. 

o Extending  two  steam  lines  approximately  500  feet  each  from  the  turbine 
building  to  the  reprocessing  plant  to  provide  process  steam. 

o Addition  of  a 600  feet  belt  conveyor  to  transport  the  wet  seed  to  the 
dryer. 

o Reconfiguring  the  steam  turbine  to  extract  steam  for  the  reprocessing 
plant.  This  should  have  no  impact  on  turbine  cost. 

Table  3-2  summarizes  the  cost  impact  of  these  changes. 
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TABU  3-2 

ADDITIONAL  BTF  BQUIPtCIIT  COSTS 


4.0 


4.1 


BoulpMont 


Additional  Coot  (A) 


Raooafigurad  Stean  Turbina  Nona 
Cooling  Towar  100,000 
Plant  Nakaup  Vatar  Syston  20,000 
Staan  Linas  300,000 
Saad  Convayor  100,000 


OOtfARATIVE  ANALISIS  OF  ON-SITE  VS  OFF-SITE  SEED  REPROCESSINO 
CX)ST  OF  EUCTRIQTY 


A oonparlson  was  nada  of  the  affaot  of  on-sita  and  offosite  seed  ragsnaratlon 
to  the  base  case  i.e.  the  MID->ETP  CUR  which  assoDas  purchasing  of  saad  with 
no  regeneration. 

SDD-342  of  the  MHD>ETF  CDER  assuaes  the  16,821  Ib/hr  of  spent  seed  is 
recycled,  and  that  11,068  Ib/hr  of  spent  seed  will  be  sold  or  trucked  off>slte 
for  reprocessing. 


In  order  to  establish  a base  case  for  oonparlson  purposes,  it  will  be  assumed 
that  the  required  K2CO3  will  be  purchased  on  the  open  market  for  $525/ton, 
plus  $21 /ton  delivery  Msed  on  a 300  mile  distance,  or  a total  of  27*3  4/18  at 
the  plant.  Also,  it  will  be  assumed  that  the  spent  saad  can  be  sold  for 

2.54/lb. 

Although  every  attempt  has  been  made  to  make  assumptions  which  are  consistent 
with  the  Information  contained  in  the  IflD-ETF  CDER,  the  following  cost 
information  is  presented  for  comparison  purposes  only  within  the  context  of 
this  seed  reprocessing  study: 


Purchase 

On-site 

Off- site 

of  Seed 

Regeneration 

Regeneration 

ETF  Capital  Cost,  1000$ 

349,500 

350,000 

349,500 

Engel-Precht  Capital  Cost,  1000$ 

- 

19,600 

22,500 

ETF  04M  Cost,  1000$/yr 

17,500 

17,500 

17,500 

Engel-Precht  O&M  Cost,  1000$/yr 

- 

2,900 

5,400 

ETF  Fuel  Cost,  1000$/yr 

4,100 

4,100 

4,100 

ETF  Seed  Cost,  1000$/yr 

12,400 

(1,600) 

0 

0 

ETF  Seed  Credit,  1000$/yr 

0 

0 
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Purchase 

On- sits 

Off-Site 

of  Seed 

Regeneration 

Regeneration 

Plant  Rating,  KW 

202,350 

197,636 

202,350 

Plant  Heat  Rate,  Btu/KHhr 

8,972 

9,185 

8,972 

Capacity  Factor,  hr/yr 

5,698 

5,698 

5,698 

Fixed  Rate  Charge,  /yr 

0.22 

0.22 

0.22 

Unit  Fuel  Cost,  $/10OBtu 

0.40 

0.40 

0.40 

Use  Rate  of  K2COq,  Ib/hr 

7,992 

0 

0 

Surplus  Rate  of  Spent  Seed,  Ib/hr 

16,821 

0 

0 

Table  4-1  compares  the  effect  on  cost  of  electricity  of  on-site  and  off-site 
regeneration  on  the  cost  of  electricity.  On-site  regenerati<»i  reduces  cost  of 
eleotrioty  by  0.8  mill/KHhr  compared  to  the  purchase  of  seed.  Off-site 
regeneration  of  seed  reduces  the  cost  of  electricity  onlv  half  as  much.  This 
is  due  primarily  to  not  being  able  to  make  use  of  the  economics  of  scale  of 
the  integrated  plant  is  providing  steam,  cooling  water  and  oarbon  dioxide. 

TABLE  4-1 


COrf>ARISON  OF  THE  DIFFERENCE  IN  THE  COST  OF  ELECTRiaTY 
FOR  ON-SnE  AND  OFF-SHE  SEED  RECSNERATION 
VERSUS  THE  BASE  CASE  OF  PURCHASING  SEED 


On-Site  Versus 

Off-Site  Versus 

Purchase  of  Seed 

Purchase  of  Seed 

(mills/KWhr) 

(mills/ KHhr) 

ETF  Capital  Cost 

+ 1.7 

0.0 

Engel-Precht  Capital  Cost 

+3.8 

4.3 

ETF  04M  Cost 

+0.4 

0.0 

Engel-Precht  Ottl  Cost 

+2.6 

4.7 

ETF  Fuel  Cost 

+0.1 

0.0 

ETF  Net  Seed  Cost 

-id 

-2d 

TOTAL  DIFFERENCE 

-0.8 

-0.4 

4.2  OVERALL  I»ACT  ANALYSIS 

4,2.1  Technical  and  Economic 

Estimates  of  the  impact  of  added  ash  flow  on  combustor  performance  have 
Indicated  that  flame  temperature  and  conductivity  decrease  by  15°F  and 
4.6  percent  respectively.  However,  a detailed  analysis  of  the  chemical  and 
physical  changes  taking  place  in  the  gas  stream  was  not  carried  out. 
Unfortunately,  without  such  an  analysis,  the  impact  of  seed  regeneration  on 
the  performance  of  the  topping  cycle  cannot  be  estimated  with  a high  degree  of 
confidence. 

In  view  of  the  fact  that  seed  regeneration  will  have  a significantly  greater 
impact  on  the  bottoming  cycle,  a detailed  analysis  of  the  Impact  of  seed 
regeneration  on  this  cycle  was  carried  out.  The  net  result  of  integrating  the 
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sood  roprooMOltm  plant  into  tha  ETP  oyola  waa  found  to  ba  a 0.86  point  drop 
in  affioianoy  (from  38.03  to  37*15)  and  a 4.7  daoraaaa  in  nat  pouar  output. 

Tha  total  plant  invaataant  for  tha  Bngal-Praoht  prooaaa  in  oarly  1981  dollara 
ia  $19i594,000,  and  an  additional  $520,000  la  raqulrad  baoauaa  of  naoaaaary 
ohangaa  to  tha  BTF  ayatai. 

Tha  nat  affaot  for  tha  on-aita  plant  of  tha  Inoraaaa  in  ooat  ud  raduotlon  in 
affioimoy  varaua  tha  aavings  on  purohaaad  aaad  ia  a aaall  daoraaaa  in  tha 
ooat  of  alaotriolty  of  laaa  than  ona  paroant  (0.8  nilla/Kwhr).  For  tha  off- 
aita  non-intagratad  plant,  tha  daoraaaa  in  tha  ooat  of  alaotriolty  waa 
anallar,  laaa  than  ona-half  paroant  (0.4  mllla/Kwhr) . Tha  ral&tivaly  aaall 
diffarmoa  batwaan  coat  of  alaotriolty  probably  aaana  that  aoonaaioa  along 
will  not  daoida  tha  aaad  raprooaaaing  option  but  othar  faotora  will  alao  ba 
important  (i.a.,  taohnioal  rlak,  atata  of  davalopamt  of  tha  prooaaa, 
ooaplaxity  of  tha  plant,  finanolal  analyaia,  ato.). 

Baaad  cn  tha  assunption  that  spent  seed  ia  available  at  no  oost,  that  only 
capital  costs  of  process  aqul^wt  are  included,  and  that  steam,  electric 
power  flue  gas  and  cooling  water  are  readily  available  at  low  cost  fron  the 
ETF  plant,  than  K2CO3  can  ba  produced  for  as  little  as  19. 1#/lb.  In  fact,  the 
cost  of  production  trill  ba  higher  than  this  depending  upon  tha  accounting 
procedures  aoployad.  Tha  most  satisfactory  method  of  evaluating  tha  various 
seed  raganaratlon  options  is  to  make  a decision  based  upon  a comparison 
between  the  cost  of  electricity  for  tha  integrated  plant  and  tha  cost  of 
electricity  assiming  that  K2CO3  is  purchased  on  tha  open  maricat.  This 
cnnparison  was  made  and  tlia  cost  of  electricity  was  fowd  to  be  Independent  of 


the  seed  reprocessing  method 

as  shown  below: 

Case 

Relative  Cost 
of  Electricity 

Power  Plant 
Efficiency 

No  Regeneration 
(CDER  Design) 

1,000 

38.03 

On-site  Regeneration 

0.992 

37.15 

Off- site  Regeneration 

0.996 

38.03 

4.2.2  Environmental 

Taking  the  environmental  impacts  of  handling  spent  seed  in  an  on>site  seed 
regeneration  plant  integrated  with  a MiD  topping  plant  and  a steam  bottoming 
plant  as  a base  line,  the  environmental  effects  of  handling  spent  seed 
off-site  can  ba  ccmpared. 

The  first  off- site  option  to  be  considered  is  sale  of  the  spent  seed.  This 
will  require  the  mining  of  potassitin  sulfate,  processing  it  to  potaasiisB 
carbonate,  transportation  of  make-up  seed  to  the  MHD  site,  and  transport  of 
the  spent  seed  to  its  place  of  use,  all  of  which  have  negative  environmental 
impacts.  However,  as  an  offset,  the  spent  seed  will  be  a replacement  for  acme 
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virgin  potAMiuB  sulfatA,  «o  that  Itaa  virgin  Mtorial  auat  b«  ainAd,  no 
prooesaing  will  ba  raquirad,  and  tranaportation  to  tha  aita  of  aulfata  uaa 
will  ba.  raduoad.  On  balanoa,  a alight  inoraaaa  in  anvironaantal  iapaota  will 
ooour  if  apant  aaad  ia  aold. 

Anothar  off-aita  option  ia  diraot  diapoaal.  Bnvironaantally,  thia  ia  a poor 
option.  Makeup  aaad  will  again  ba  naadad,  no  offaat  will  ba  availabla,  and 
land  will  ba  takan  for  landfill  purposaa.  The  landfill,  ainoa  it  oontaina 
aolubla  potaaaiia  aulfata,  haa  a potential  for  groundwater  pollution. 

Laaohate  oollaotion  and  traataant  will  ba  raquirad.  Tranaportation  aaaoolatad 
aalaalona  will  inoraaaa.  Overall,  air,  land,  and  water  pollutant  aolaaiona 
will  inoraaaa  aa  oonparad  to  on* aita  apant  aaad  raganaration. 

Finally,  tha  oaaa  of  off-aita  raganaration  la  an  Indapandant  plant  ranaina. 
Truoklng  of  apant  aaad  froa  tha  HMD  aita  to  tha  raganaration  aita  and  rativn 
of  fraah  aaad  will  oausa  an  Inoraaaa  in  truoklng  air  aniaalona.  Indapandant 
plant  raqulrananta  for  a boiler  and  a oooling  tower  will  raault  in  an  inoraaaa 
of  aniaalona  aa  oonparad  to  on-aita  raganarati(».  Off-aita  oonbuatl(»,  avan 
thougtyof  oil,  will  ralaaaa  aora  SO2  than  will  MID  ooal  ooabuatlon  on-aita. 
Emlaaibna  of  NOj^  nay  or  nay  not  ba  raduoad  by  off-aita  oanbuatlon  aa  oonparad 
to  on-aita,  dapanding  on  tha  control  nathod  uaad  at  tha  MKD  aita  and  tha 
poaaibla  uaa  of  low  NO^  oil  burnara  off-aita.  Particulate  aniaalona  nay  be 
reduced  by  off-aita  raganaration.  Tha  preparation  of  boiler  feed  water  and 
cooling  tower  water  off-aita  will  raault  in  the  aniaaion  of  nora  water  and 
land  pbllutanta  than  will  praparbtion  on-aita  due  to  the  inveraa  eoononioa  of 
acala.  Off-aita  regeneration  waatea  will  ba  identical  to  thoae  fron  on-aita 
regeneration  but  tranaportation  to  final  diapoaal  may  or  may  not  raault  in 
additional  air  emiaaiona,  depending  on  the  relative  location  of  the  MHD, 
regeneratlcx),  and  waate  deaposal  altea.  Utility  requlramenta  of  an  off-aite 
plant  will  roughly  balance  those  required  from  the  MID  plant  by  an  on— aite 
plant,  but  since  the  off-site  plants  may  get  them  from  sources  of  lower 
afficlancy  than  an  fffl)  plant,  the  emissions  from  their  sources  oan  be  expected 
to  increase.  Considered  together,  the  above  analyses  indicatea  that  off-aita 
regeneration  will  result  in  Increased  environmental  impacts  as  ccmparad  to  on- 
site regeneration.  Off-site  regeneration,  however,  is  preferable  to  sale  or 
disposal  of  spent  seed  from  an  environmental  standpoint. 

4.2.3  Recommendations 

A detailed  analysis  of  the  chemical  and  physical  changes  taking  place  in  the 
gas  stream  should  be  carried  out  in  order  to  assess  the  Impact  of  seed 
regeneration  on  the  performance  of  tha  topping  cycle. 

Various  possibilities  for  extracting  low  grade  heat  from  the  BTF  power  plant 
were  considered,  but  in  all  cases,  the  impact  on  net  plant  efficiency  or  on 
equipment  cost  (due  to  inadequate  temperature  differwices)  could  not  be 
Justified  in  terms  of  reduced  cost  of  electricity.  Due  to  the  limited  scope 
of  this  study,  these  analyses  were  based  on  heat  and  material  balance 
cal  cul  at  lexis,  engineering  Judgement,  and  current  commercial  practice.  The 
interface  between  the  power  generation  cycle  and  the  Engel-Preoht  Process 
should  be  examined  in  greater  depth  in  order  to  make  sure  that  all  low  grade 
heat  is  being  used  in  the  best  possible  way. 
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Th«  dlfforonoo  in  tht  total  oosts  for  tht  Into^ntod  and  off-alta  eaaas  waa 
aatlutad  by  takin<  Bajor  Inpaota  Into  oonaidaratlon.  Tba  raault,  baaad  on 
firat  yaar  ooata,  was  a aaall  dlfftranoa  In  eoat  of  alaotrioity.  In  viaw  of 
this  aaall  diffaranoa,  a firat  yaar  financial  analysia  atudy  ahould  ba  oarriad 
out  in  graatar  datall  and  a lavaliaad  ooating  analyaia  ahould  ba  indudad. 
Howavar,  prior  to  initiating  such  a study  it  would  ba  adviaabla  to  oarry  out 
an  on>sita  intagration  study  for  tha  Foraata  Prooaaa  in  ordar  that  tha  Fomata 
and  Engal-Praoht  Prooessaa  can  ba  ooaparad  using  tha  aaia  financial  analysis 
parsBeters. 

Both  tha  RCC  study  and  this  study  wars  basad  on  an  approxiBata  spant  saad 
ooBpoaition.  A spant  seed  coBpoaition  basad  on  tha  iapurity  rajaction 
oapabilltias  of  the  selected  Engel-Precht  or  other  process  should  be 
established  before  carrying  out  a detailed  engineering  evaluation  of  that 
prooess.  Detailed  energy  and  mass  balances  for  tha  integrated  plant  should 
then  be  developed. 

The  heat  and  material  balance  for  the  Engel-Preoht  Prooess  which  was  generated 
by  RCC  and  scaled  in  this  study  eoployed  an  overall  approach.  A heat  and 
material  balance  over  each  item  of  equipment  ahould  be  carried  out  during  any 
future  process  design  study. 

5.0  ASSESS«WT  OF  PROCESS  CBANGES 

5.1  DISCUSSION  OF  PROCESS  CHANGES 

Gilbert  Associates  has  considered  several  changes  in  the  Resource  Conservation 
Company's  seed  regeneration  process.  They  are  as  follows: 

Sodium  Rejection 

If  sodium  Is  not  separately  rejected,  Module  II  can  be  removed  from  the  RCC 
process  flow  diagram.  In  this  case,  the  overflow  from  the  Module  I settling 
tank  will  pass  directly  to  the  KCl  makeup  tank  in  Module  III.  The  settling 
tank  temperature  should  be  raised  from  the  72^  indicated  by  RCC  to  110^  to 
prevent  KCl  precipitation.  The  filtrate  will  now  oarry  an  Increased  amount  of 
NaCl  along  with  the  other  dissolved  solids,  since  Module  I will  becoae 
saturated  with  NaCl.  An  approximate  calculation  Indicates  that  it  will 
require  27  to  30  hours  of  operation  to  saturate  the  system.  This  oaloulatlon 
assuned  that  NaCl  and  KCl  solubilities  are  as  given  In  Figure  6 of 
Reference  1 . 

Once  saturation  Is  obtained,  NaCl  will  precipitate  in  Module  I,  being  less 
soluble  than  the  chlorides  of  potasslun  and  calcium,  and  will  exit  the  process 
In  the  filter  cake. 

Subsequent  modules  will  run  unsaturated  because  addtlonal  process  water  Is 
added.  Sodlin  chloride  will  be  carried  out  of  the  system  via  water  in  the 
centrifuge  cake  In  Module  III.  Aocording  to  Gilbert's  assuaptlons  and 
scaling,  and  at  steady  state,  this  will  increase  the  amount  of  Ns2C03  recycled 
to  the  MHD  plant  from  2,435  Ib/hr  to  3i336  Ib/hr,  as  shown  in  Figure  5-1. 
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FIGURE  5-1 

DOMINANT  FLOWS  (IN  LB/HR)  IN  ETF  SEED 
REGENERATION  CASE  WITHOUT  SEPARATE  SODIUM  REJECTION 
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Bllainotion  of  Nodult  II  wlU  hovt  llttlo  tffoot  on  th«  nood  for  proooot 

Tht  of  foot  oooling  Motor  la  looo  oloor  at  thia  atafo.  BUalnatiOB 

MlU  roduoo  tho  daaand  for  cooling  watar  in  tho  nodulo  by  about  1/3  of  tho 
total  donand.  HoMOvar,  ollalnatlon  Mill  alao  raaoMa  tbo  donand  for  atoM  froa 
Modulo  VII  provloualy  vMod  In  Modulo  II.  If  another  uao  for  thla  atoia  oan 
not  bo  found,  It  auat  bo  oondonaod  for  uao  aa  prooaaa  Motor.  Thla  Mould 
roqulro  about  a 1/3  Inoroaao  In  oooling  towor  duty,  rooultlng  In  approxisatoly 
no  ovorall  ohango  In  oooling  toMor  oapaolty. 

k oonaldorablo  roduotlon  In  horaopoMor  roqulraiont  Mill  ooour  If  Modulo  II  la 
ollalnatod.  At  loaat  1,100  horaopoMor  Mill  no  Imgsr  bo  noodod,  roproaonting 
about  a 42  poroent  dooroaso  In  poMor  donand. 

Ono  unfortmato  roault  of  tho  ollalnatlon  «rill  bo  tho  rojootlon  of  aolublo 
aodluB  ohlorido  in  tho  provioualy  Inaolublo  Moato  atroM  froa  tho  Engol-Prooht 
plant.  Tho  foraor  22,180  Ib/hr  Inaolublo  Maato  atroaa  Mill  noM  oontaln 
1,769  Ib/hr  of  NaCl  in  a atroaa  of  26,140  Ib/hr  that  la  50  poroont  Mator. 

Proooaa  Water 


Rosouroo  Conaorvation  Ccapany  asainod  3 poroont  Motor  in  tho  oontrifugo  oakoa 
and  20  percent  in  the  filter  cake.  QAI  exporionoo  Mith  ooal  aah,  flyaah,  F(S) 
aludgea,  and  even  auoh  nonaqeoua  ayatooa  aa  SRC  aolida/organlo  liquid 
aeparatlon,  indloatea  that  liquid  roaoval  froa  finely  divided  sollda  ia 
difficult.  Therefore,  based  on  thia  experionoo,  tho  Mater  oontont  of  the 
cakes  has  been  estiaated  at  25  percent  in  the  centrifuge  cakes  and  50  percent 
in  the  filter  cake.  Thla  will  result  in  a net  increase  in  process  water 
requirement  of  11,000  Ib/hr  for  the  QAI  aasuaptlon  over  that  obtained  by 
directly  scaling  the  Resource  Conservation  Conpany's  aaterial  balance. 

The  condensate  obtained  fren  the  steam  provided  froa  the  H9D  topping  plant 
will  become  oontaalnated  with  process  salts  in  the  vapor  ooapresslon 
evaporators,  and  will  require  scae  cleanup  before  it  oan  be  used  for  boiler 
feed  water  again.  However,  it  is  eminently  suitable  for  use  as  process  water. 
Accordingly,  GAI  has  proposed  that  it  be  so  used.  This  will  require  the  MID 
plant  to  slightly  increase  its  output  of  boiler  feed  water.  This  also  removes 
the  necessity  for  a small  process  water  treatment  unit  in  the  regeneration 
plant  or  the  use  of  potable  municipal  water  as  (rooess  water. 

If  regeneration  occurs  off>site,  a regeneration  plant  boiler  and  oooling  tower 
will  be  needed,  which  will  require  a water  treatment  unit.  Use  of  oondensate 
as  process  water  is  still  recommended  with  an  accompanying  increase  in  the 
size  of  the  water  treatment  unit. 

Seed  Drying 

Anhydrous  potassium  carbonate  is  a hygroscopic  solid  that  must  be  protected 
from  atmospheric  moisture  in  order  to  prevent  difficulties  in  handling.  The 
sesquihydrate  does  not  suffer  from  this  drawback.  It  is  assumed  that  the 
regeneration  process  will  produce  the  hydrate  rather  than  the  anhydride  aa 
shown  in  the  RCC  report.  Consequently,  the  dryer  should  be  located  as  near 
the  MID  combustor  as  possible.  This  will  take  advantage  of  case  of 
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transportation  of  tha  hydrid*,  ready  availability  of  Mn>  flue  gaa  for  drying, 
and  ainiata  handling  of  hygroaoopio  anhydride. 

In  the  oase  of  off-site  regeneration,  dryer  looation  at  the  («D  topping  plant 
ao  as  to  use  the  MHD  flue  gas  is  even  aore  essential.  Otherwise,  the  heat 
needed  for  drying  will  have  to  be  obtained  froa  expensive  fuel  oil  instead  of 
inexpensive  ooal.  Additionaly,  the  regeneration  plant  boiler  would  have  to  be 
apiw'oxiaately  doubled  in  sixe  to  supply  the  heat  required. 

Evaporatora 

An  approximate  calculation  of  the  amount  of  ateam  made  in  the  two  .^oor 
ccapreaslon  evaporatora  was  compared  to  the  steam  oonsvnptlon  needed  tor 
multiple  effect  evaporators,  assmalng  that  one  pound  of  input  steam  to  the 
latter  will  evaporate  three  pounds  of  water.  This  latter  energy  input  was,  in 
turn,  compered  to  the  energy  needed  to  run  the  vapor  oompreas^  motors.  The 
steam  energy  requirement  was  about  1.5  times  the  eleotrlo  energy  requlraaent, 
leading  to  the  oonoluslon  that  the  selection  by  RCC  of  vapor  oompression 
evaporators  over  multiple  effect  evaporators  is  correct. 

5.2  cost  AMD  EFFiaENCY  I»f>ACTS  CF  PROCESS  IFffROVBWNTS 

The  use  of  multiple  effect  evaporators  Instead  of  vapor  compression 
evaporators  would  result  in  a decrease  in  the  electric  plant  efficiency  of 
0.15  points,  which  causes  a reduction  in  net  power  output  and  an  Increase  in 
the  cost  of  electricity  of  0.i>i2  percent.  Therefore,  this  change  should  not  be 
made. 

The  location  of  the  seed  dryer  at  the  ETF  Instead  of  at  the  Engel-Precht  plant 
will  result  in  a shorter  flue  gas  duct  run,  thus  its  impact  will  be  beneficial 
from  the  standpoint  of  capital  costs  in  all  cases.  This  is  reflected  in  the 
costs  in  Table  5-3 • 

The  Impact  of  increasing  the  process  water  content  of  the  cakes  will  be 
reflected  in  the  operating  and  maintenance  costs  of  tha  regeneration  plant, 
due  to  an  Increased  d«nand  for  process  water.  This  water  is  obtained  from 
process  steam.  This  could  increase  the  cost  of  electricity  by  not  more  than 
0.53  percent  which  Is  not  significant,  being  much  less  than  the  uncertainty  in 
the  assumptions  and  data  used  in  the  calculations. 

The  removal  of  Module  II  results  in  a 33  percent  decrease  in  the  capital  cost 
of  the  regeneration  plant,  as  shown  on  Table  5-1.  Operation  and  maintenance 
cost  are  dec.  eased  by  only  3.5  percent,  as  shown  on  Table  5-2.  These  two 
tables  allow  the  costs  of  K2CC3  regenerated  and  of  electricity  to  be 
calculated,  using  the  methods  of  Sections  2.5.1  and  A. 1.1. 

Table  5-3  shows  the  results  of  these  calculations.  The  reduced  capital  cost 
of  a regeneration  plant  without  Module  II  reduces  the  cost  of  ^2^3  *nou^  to 
overcome  the  smaller  reduction  in  electric  plant  efficiency,  so  that  the  cost 
of  electricity  is  reduced  by  2.6  mill/kWh  or  2.7  percent.  This  reductim  is 
within  the  uncertainty  ban  but  does  indicate  that  if  technically  feasible  this 
could  be  a more  cost  effective  seed  regeneration  option. 
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5.3  REOOMfENMTIOMS 

Tho  offootB  of  a ntabor  of  proooao  ohanfos  on  tba  "ROC  dasifo  wart  avaluatad, 
but  tha  only  ohanga  that  had  BM*a  than  a ainor  affaot  on  ooat  and  parfoivanoa 
waa  tha  raaoval  of  tha  nodula  to  aaparata  aodlta  fron  tho  apant  aaad.  Sodlua 
la  an  !■(  irity  In  tha  ooal  in  tha  aanaa  that  it  haa  a highar  ioniaation 
potantiL.  than  potaaaiui.  Potaaaita  ia  praf«*rad  in  ordar  to  aohiava  tho 
noooaaary  plaaaa  omduotivity  in  tha  MS)  ohannal.  Bowavar,  in  tha  final 
analyaia,  tha  axtant  to  which  aodiia  nust  ba  ranovad  will  dapand  on  a 
trada-off  batwaan  tba  iapaot  of  aodiuB  oonv«ntration  on  tha  cost  (dua  to  lowar 
effioianoy)  of  tha  BTF  plant  and  tha  ooat  of  aodiia  rajaotion  aquipnant. 

A detailed  analyais  of  the  effect  of  seed  ooapoaition  on  tha  tfiD  topping  oyola 
should  ba  oarriad  out.  At  tha  am%  tiaa,  tha  Engal-Praoht  Prooaaa  ahould  ba 
radesignad  assiaing  tba  removal  of  tha  sodita  rajaotion  modulo.  Thasa 
analyaaa  ahould  ba  itarativa  in  tha  aanaa  that  tha  apant  aaad  oompoaiticn 
assiaied  aa  a atarting  point  for  tha  prooaaa  analyaia  atudy  ahould  ba 
conaistmt  with  tha  ooapoaition  of  tha  raoyola  atraam  oaloulatad  on  tha  baaia 
of  the  changea  in  oheoical  coopoaition  whiob  take  place  in  the  MO)  ohannal. 
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CAPnAL  COSTS  or  THE  BNOEL-PltBCHT  PROGBSS 
HITR  AND  NITHOOT  SODIOH  CHLORIDB  IBJBCTIQM 

Ni£l  Rejection 

Yea* 

No 

Materlala 

Hajctf*  CoHponants 

$ 5,346,000 

$ 3,578,000 

BOA  m 

1.550.000 

1.'J38.000 

Subtotal 

6,696,000 

4,616,000 

Braotioo 

Labor  Inatallatlon 

4.620.000 

3.093,000 

Total  Direct  Coat 

11,516,000 

7,709,000 

Indl recta 

3.a3<.000 

2.165.000 

Subtotal 

14,750,000 

9,874,000 

Engineering 

1,180,000 

790,000 

Other  Coats 

398.000 

247.000 

Total  Plant  Coats 

16,328,000 

10,911,000 

Contingency 

3.226.000 

2.182.000 

Total  Plant  Invesuient  (1/81) 

19,594,000 

13,093,000 

• From  Table  2-2 
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TABLE  5-2 


ANNUAL  QPENATINO  AND  KAINTSNANCB  COSTS  FOB  SBC 
RSFNOCBSSZNQ  WITH  AND  NTTHOUT  SODIUM  C8L0RIDB  NBJBCTZOMS 

(m) 


Plant  Capaoity:  11,000  Ib/tr  Spant  Saad 

Annual  Availability:  5,698  hrs/br 


NaCl  Rajaotion 

Yea* 

No 

Raw  Materials 

Liae,  ST 

0.481 

0.481 

PotaasiuB  Chl(»'ide,  ST 

0.216 

0.216 

Magnesia,  ST 

0.012 

0.012 

Hydroohlorio  Acid  (365),  ST 

0.452 

0.452 

Freight,  ST,  ST/ai 

0.420 

0.420 

Utilities 

Power,  kVh 

0.529 

0.328 

Cooling  Water,  gal 

0.093 

0.093 

Steaa,  lb 

60  psig 

0.629 

0.629 

100  psig 

0.239 

0.239 

QAM 

Operating  Pet'sonnel,  hr 

0.596 

0.596 

Supervlslan 

0.119 

0.119 

Haintenanoe 

0.461 

0.461 

Insuranoe  A Taxes  Allowance 

0.196 

0.131 

Waste  Disposal 

Gypsin  and  Flyash,  ST 

0.190 

0.205 

GROSS  OPERATING,  MMA/Yr 

4.633 

4.229 

By-Products  Credits 

Sodluo  Chloride,  ST 

(0.251) 

m 

NET  OPERATING,  MM$/Yr 

4.382 

4.229 

• From  Table  2~3 
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TABLE  5>3 

COMPARISON  OP  EOONOKICS  OF  ON-SHE  SEED 
REGENERATION  WITHOUT  MODULE  Il(«) 


Electric 

Relative  Plant  Efficloacy 

Case  Cost  of  Electricity  (K) 


No  Regeneration 

(ODER  Design)  1.000  38.03 

On-site  Without  Module  II  0.973  37.33 


(^)  See  Section  4.2.1  for  economics  with  Module  II  included. 


REFERENCES: 


1.  Resources  Conservation  Company,  "ISD  Seed  Regeneraticwi,  the  Modified 
Engel-Precht  Process,  Task  #2  Report,"  for  U.S.  Departmmit  of  Energy, 
Argonne,  Illinois,  May  198I. 

2.  Gilbert  Associates,  Inc.,  "MiD-ETF  200  MWe  Power  Plant  Conceptual  Design 
Engineering  Report,"  four  /olunes,  for  NASA  Lewis  Research  Center, 
Clevelano,  Chlo,  Mai'ch  198I. 

3.  Resources  Conservation  Company,  "MHD  Seed  Regeneration  Formate  and  Engel- 
Precht  Processes  Task  #1  Report,"  for  U.S.  Department  of  Energy,  Argonne, 
Illinois,  February  18,  1980. 
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NEW  DATA  SUBMITTED  BY  RCC 
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ATTACHICNT  k 

NEW  DATA  SUBMITTED  BY  ROC 


Engel-Preoht  - 450  Rosebud  Coal 

Overall  Water  Dalanoe 


lb/ hr 

OUT 

Ibs/hr 

24 

661 

4 

3,353 

25 

2651 

7 

49 

28 

3500 

22 

1,101 

31 

860 

25 

2,651 

35 

2608 

41 

50,835 

36 

465 

42 

3,652 

37 

9721 

43 

43,626 

39 

30998 

44 

8,165 

40 

19083 

Flash  from  37 

202 

See  Below 

54 

49807 

Cond.  into  38 

5,102 

Condensed  into 

Cond.  into  53 

1|756 

Cooling  Water 

Total 

120,354 

102,492 

In  Barometric 
Condensers 

A = 

138  Ib/hr  (Within  rounding  error) 

Water  flasiied  from  37 

M 9721  (1) (80-32) 

OUT  (9721  - m)(1)(58-32) 
+ (m)  (1086.9) 

m = 202  Ibs/hr 

Water  condensed  Into  38 

m 212, 18’  (1)(80-32) 

♦ m (1112.7) 

OUT  (212,  181  + m)(1) 
(105-32) 


= 466,608  Btu/hr 

= 252,746  - 26m 
= 1.086.9  m 

1060.9  m+  252,7^6 


10, 184,688 
1,112. 7m 

1112.7m  +10, 1S4, 668 


= 73m  + 15,489,213 


m = 5102  Ib/hr 
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ATTAOffCNT  A (Coot'd) 


Uator  condensed  from  33 


» 40  s 19083  (1H9432) 

33  s 3681  (1154.2)  ♦ 2086  ( .21 )(222-32) 


* 1,183,146  Btu/hP 
■ ‘■•33i.e»2 
5,5U,9B8 


OUT  Bottoos  to  Deconp.  * (19083  * sHlK l80-32) 
Overhead  to  Cond.  r (368l  - m)(1138.2) 

♦ 2086  (.21) (180-32) 


s 148b  2,824,284 


8-n38.2m  » 4.254.547 
7,076,631  - 990.^ 


m s 1579  Ib/hr 
Water  condensed  Into  53 


Overhead  from  D.C.  Heater 

2102  (1138.2)  + 2086  ( .21 )( 180-32) 
53  = 77040  (1)(80-32) 


OUT 

Overhead  to  compressor  (pre-34) 

2086  (.20)(85-32)  ♦ (2102  - m)(1096.8) 
Bottom  (C.W.  Return) 

(77040  ♦ m)  (1)  (105-32) 


= 2,331,871  - 1098.6m 

= 73a  I-  5.623.920 
7,955,791  - 1025.6m 


m = 1756  Ib/hr 
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ATTACH»GNT  A (Cont'd) 


Enfol>Pr«oht  - 450  HU. , Rosebud  Coal 
- NeCl/KCl  PraotionsI  Crystallizers 
> Overall  System  Heat  Balance 


1.  6 

S 22924(1 )+( 34957-22924) ( . 25) (224-32) 

* +4,978,992 

- Condensate 

« 14957(1) (170-32) 

a -2,064,100 

- 7 

s 49(1)+(1599-49)(.25)(190-32) 

* - 68,967 

- 8 

* 259(1)+(8901-259)(. 25) (130-32) 

a - 237,111 

4-  25-Return  s mX 

= 2651  (957.4) 

* +2,538,067 

♦ 36 

s 465(1)  (190-32) 

= + 73,470 

- 38  AH 

s 212, 181 (l)(80-32)-(212, 181+5102) 

(1)( 105-32) 

= -5,676,971 

- 48 

« 2673(1)*(4514-2673)(. 25) (163-32)  « - 

410,456 

* Heat  of  crystallatioi  (see  next  page) 

X +__822*6I2 

NET  SURPLUS  HEAT 

+ 32,597 

This  would  be  withis  rounding  error  — l.e.  this  Is  O.38S  of  the  total  heat 
Involved  (^.5  x 10  Btu/hr). 

Heat  of  Crystallization 

Heats  of  Formation  NaCl(c)  = -98.23  keal/0&ole 

NaCl(aq)  = -97.30 

Heat  of  Crystallization  s - 0.93  (exothermic) 

Heats  of  Formation  KCl(c)  s -104.18  keal/0Dole 

KCl(aq)  = -100.06 

Heat  of  Crystallization  = - 4.12  (exothermic) 

AHx  (NaCl)  = (0.93  ^1^)  (3-97  Btu/Kcal)  (5^®^)  (**54  g/lb)  s 28.7  Btu/lb 
AHx  (KCl)  s (4.12  ) (3.97  ) (;pj^  ) (454  ) s 99-5 

To  heat  given  off  to  surroundings 

(28.7  Btu/lb)  (1374  Ib/hr)  + (99.5  Btu/lb)  (8642  Ib/hr)  = 899,673  Btu/hr 
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TITLE;  I^jact  of  New  Magnetic  Field  Bxolueion  for  Peraonnel  Aooees 

SCOPE; 


An  evaluation  was  laade  of  the  teohnical  and  eoonoaio  l>v>aot  of  the  new 
oagnetio  field  exclusion  guidelines,  as  specified  in  Specification  A4A42, 
Rev.  D,  of  SDIH503i  on  the  BTF  conceptual  design  (Reference  1). 

FINDINGS; 


Plant  layout  changes  can  be  made  to  satisfy  the  requireiaents  of  the 
aforementioned  magnetic  field  exclusion  guidelines. 

1)  The  cryogenic  and  vacuum  support  equipment  for  the  magnet  can  be 
relocated  to  meet  the  DOE  Guidelines  (Reference  2}  with  only  minor 
changes  to  the  plant  layout. 

2)  High  maintenance  co8g>onents  are  not  located  within  the  0.01  tesla 
magnetic  fringe  boundary  which  require  periodic  maintenance  during  power 
operation  of  the  KIID  generator.  Consolidation  equipment  is  suitable  for 
operation  in  the  0.25  tesla  fixed  magnetic  field. 

3)  System  components,  piping,  and  ductwork  located  within  the  high  magnetic 
flelua  of  the  magnet  are  fabricated  of  stainless  steel  or  other  non- 
magnetic  materials. 

4)  The  MHD  Building  crane  can  be  repositioned  to  a new  storage  location 
which  is  outside  the  0.01  tesla  boundary.  In  this  new  location,  there 
are  no  significant  magnetic  forces  on  the  ferro^magnetic  crane 
components. 

5)  The  increase  in  overall  plant  cost  for  the  proposed  plant  layout  changes 
for  this  study  is  $845,000  or  approximately  2.5  percent  of  the  estimated 
total  ETF  plant  cost  listed  in  the  ODER. 

RECOMMENDATIONS: 

It  is  recommended  that  this  study’s  alternative  plant  layout  and  equipment 
arrangement  be  incorporated  into  the  ETF  plant  design.  The  features  of  this 
alternative  layout  arrangement  are  outlined  on: 

GAI  Sketch  No,  08-8270-C-67 1-025  (Proposed  Plot  Plan) 

GAI  Sketch  No.  08-8270-C-6? 1-026  (Proposed  MHD  Building  Layout) 

GAI  Sketch  No.  08-8270-C-6? 1-027  (Proposed  Storage  Location  of  MHD  Building 
Crane) 
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PROCEDURE t 

The  MHD-ETF  plant  layout  drawings  and  the  ETF  topping  side  SDD's  were  reviewed 
to  determine  the  extent  of  the  following  potential  problem  areas: 

1)  The  location  of  high  aaintenanoe  items,  such  as  pumps  and  compressors,  in 
high  magnetic  fringe  fields  ( > 0.01  tesla)  idiere  personnel  access  would 
be  limited  to  less  than  1 hour  per  work  day  during  plant  operation. 

2}  The  location  of  electrical  coiq>onents  and  instruments  in  high  magnetic 
fringe  fields  where  the  operation  of  this  equipment  could  be  adversely 
affected  and  where  personnel  access  would  not  be  possible  for  periodic 
checkout  or  maintenance  during  plant  operation. 

3)  Large  c(»q>onent3  fabricated  from  magnetic  materials  and  located  close  to 
the  magnet  (<  70  feet)  would  be  subjected  to  large  magnetic  force 
loadings  tdiich  would  require  special  consideration  in  the  design  of  the 
supporting  structures. 

4)  The  stored  location  of  the  MHD  Building  crane  as  shown  on  GAI  Layout 
Drawing  No.  8270-1-310-010-002,  Rev.  I,  is  within  a high  ma^etic  field 
zone  ^ich  results  in  large  magnetic  forces  on  the  crane  ccxnponents  and 
the  supporting  crane  rails  and  columns.  Repositioning  of  the  crane  will 
be  considered  so  that  its  stored  location  during  plant  operation  is 
outside  the  high  magnetic  field  areas  (<  0.01  tesla). 

The  plant  layout  was  also  reviewed  to  determine  the  Impact  of  the  new  magnetic 
field  boundaries  (shown  on  NML  Drawing  No.  D44t4,  Rev.  B)  on  all  equipment 
located  in  the  MHD  Building  and  on  components  in  adjacent  buildings  that  are 
close  to  the  MHD  Building  walls. 

The  equipment  and  plant  layout  changes  generated  by  the  magnetic  field 
exclusion  study  were  evaluated  to  determine  the  total  Increase  in  ETF  plant 
cost. 

DISCUSSION: 


The  superconducting  magnet  in  the  ETF  plant  design  will,  when  charged,  produce 
relatively  high  DC  magnetic  fringe  fields  in  the  region  around  it.  This 
requires  special  consideration  with  respect  to  the  layout  of  high  maintenance 
items.  These  items  are  in  supporting  systems  interfacing  with  the  topping 
side  components.  A major  aspect  of  this  study  is  the  pronocjd  relocation  of 
the  cryogenic  and  vacuum  support  equipment  for  the  magnet  in  order  to  meet  the 
new  magnetic  field  exclusion  guidelines  as  outlined  in  Reference  2. 

The  system  design  description  for  the  Magnet  System  (SDD-503  of  the  ODER) 
contains  the  data  and  drawings  that  specify  the  required  layout  scheme  for  the 
magnet  cryogenic  and  vacuum  support  equipment.  Included  in  the  attachments  to 
SDD-503  are  (1)  Specification  A-4442,  Rev.  D,  (Reference  2),  and  (2)  NML 
Drawing  No.  D-4445,  Rev.  A,  which  shows  the  recommended  layout  configuration 
for  the  magnet  support  equipment.  It  is  noted  that  this  NML  layout  includes 
the  addition  of  several  components  which  were  received  after  the  CDER  drawings 
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were  prepared.  These  items  are  not  shown  on  the  COER  layout  for  these  magnet 
supporting  systems  (see  GAl  layout  Drawing  8270-1-310-010-001,  Rev.  I).  These 
Qoiq)onents  include  a second  gaseous  helium  storage  tank,  vacuum  pu^>  package, 
utility  vacuum  puq;)  package,  and  a hydraulic  pump  package.  For  the 
"roll-aside”  magnet  scheme  (for  channel  replacement),  the  NHL  layout  shows  the 
addition  of  a utility  boom  and  pedestal,  and  t%ro  hydraulic  actuators  at  the 
magnet.  In  addition  to  the  above  described  equipment  changes,  electrical 
support  co^)onents  for  the  magnet  have  been  arranged  so  that  three  electrical 
panels  (Dunq)  Resistor  & Circuit  Breakers,  Rectifier  & Diodes,  and  Transformer 
& Controls)  are  replaced  by  two  electrical  parels  (Power  Supply  Package  and 
Dump  Resistors). 

The  investigation  results  accommodated  the  aforementioned  NML  layout 
configuration  as  shown  on  GAI  Sketch  No.  08-8270-C-67 1-026,  Rev.  0.  This  new 
layout  can  be  acccNwaodated  by  incorporating  the  following  minor  layout  changes 
(see  GAI  Sketches  Nos.  08-8270-C-67 1-025,  Rev.  0,  and  08-8270-C-67 1-026, 

Rev.  0): 

1)  Relocation  of  the  Coal  Preparation  Building  from  column  lines  1e-2  'o 
1-1e  (28  feet  to  the  west). 

2)  Relocation  of  the  Yard  Coal  Crusher  House  a distance  of  28  feet  to  the 
west.  This  change  is  required  to  maintain  the  same  inclination  of  the 
coal  belt  conveyor  between  this  building  and  the  Coal  Preparation 
Building. 

3)  Slight  rotation  and  change  In  total  lengths  of  the  coal  belt  conveyors 
between  the  30-day  coal  piles  and  the  Yard  Coal  Crusher  House. 

4)  Providing  an  outdoor  location  for  the  gaseous  helium  storage  tanka 
(Item  50  on  GAI  Sketch  No.  08-8270-C-67 1-025,  Rev.  0). 

This  new  layout  configuration  for  the  magnet  support  equipment  meets  the 
requirements  speclfiec  on  NML  Drawing  D4445,  Rev.  A,  and  outlined  in  the  NML 
Specification  A4442,  Rev.  D.  The  powered  components,  such  as  the  pump 
packages  and  liquifler/refrigerator,  are  relatively  high  maintenance  items  and 
are,  therefore,  located  outside  the  0.01  tesla  boundary  where  approved 
personnel  access  is  allowed  for  8-hour  workdays,  5 days  per  week.  This 
exclusion  guideline  also  applies  to  electrical  and  Instrumentation  components 
that  require  frequent  Inspection  and/or  maintenance.  Some  instrumentation  may 
be  located  within  the  0.01  tesla  boundary;  however,  the  moving  parts  of  these 
instruments  must  be  constructed  of  non-maignetlc  materials.  From  an 
operational  standpoint,  the  length  of  piping  and  electrical  cables  between 
functionally  adjacent  cong>onents  are  maintained  as  short  as  possible.  These 
lengths  are  the  same  or  less  than  the  corresponding  distances  shown  on  the  NML 
suggested  layout  configuration.  Therefore,  it  is  concluded  that  the  proposed 
GAI  layout  I'or  the  magnet  support  equipment  (Sketch  No.  08-8270-C-67 1-026, 

Rev.  0)  satisfies  the  latest  operational  and  magnetic  field  exclusion 
requirements  for  the  ETF  plant. 

Since  the  0.01  tesla  boundary  is  within  the  Coal  Feed  and  Seed  Feed  Buildings, 
it  is  recommended  that  any  active  equipment  (powered  coog>onents  which  have 
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■oving  parts  or  subasseablles  for  the  perfornanoe  of  their  Intended  functions) 
and  other  high  maintenance  items  in  these  buildings  be  located  outside  of  this 
magnetic  fringe  boundary.  In  addition,  it  is  reoonended  that  security-type 
barriers  with  warning  signs  be  placed  along  the  0.01  tesla  boundary  line  and 
that  "Supervisory  Administrative  Control"  be  used  to  limit  approved  personnel 
aooess  into  this  ax*ea  (>0.01  tesla)  to  1 hour  per  workday  as  speoified  In 
Reference  2.  Aooess  to  the  MID  Building  via  the  railroad  traoks  should  also 
be  included  in  "Supervisory  Administrative  Control."  Aooess  should  be  limited 
to  time  periods  when  the  magnet  is  not  operating. 

As  indicated  in  Reference  2,  aooess  for  unapproved  personnel  shall  be  limited 
to  areas  where  the  OMgnetio  field  is  less  than  0.0005  tesla  (no  time  limit). 
Therefore,  it  is  reo(»8sended  that  appropriate  caution  signs  be  permanently 
Installed  around  the  entire  periphery  of  the  plant  Island  (area  enclosed  by 
the  security  fence)  to  indicate  that  aooess  is  for  approved  personnel  only. 

In  addition,  any  access  to  the  plant  island  should  be  closely  controlled  as 
specified  in  "Supervisory  Administrative  Control." 

The  second  phase  of  this  study  involved  the  investigation  of  the  magnetic 
force  interactions  between  the  charged  magnet  and  magnetic  materials  close  to 
the  magnet  (<  70  feet).  Topping  side  components  in  the  immediate  vicinity  of 
the  magnet  U 70  feet)  are  fabricated  from  non-  magnetic  materials.  Items 
that  interface  with  the  topping  side  coiq>onents  and  are  in  the  immediate 
vicinity  of  the  magnet,  such  as  piping,  valves  and  ductwork,  shall  also  be 
non-magnetic  materials.  The  combustor  slag  collection  tanks  and  the 
associated  piping  and  valves  are  fabricated  from  stainless  steel  or  other 
non-magnetic  materials. 

The  CDER  layouts  for  the  MHD  Building,  GAI  Drawing  Nos.  8270-1-310-010-001, 
Rev.  I,  and  8270-1-310-010-002,  Rev.  1,  were  reviewed  by  the  MHD  Magnet  Group 
of  the  Francis  Bitter  National  Magnet  Laboratory  to  determine  the  maximum 
magnetic  force  loadings  on  the  structural  members,  crane  rails  and  supporting 
columns  for  the  150-ton  MHD  Building  crane.  Based  on  this  review,  the 
National  Magnet  Laboratory  reported  a maximum  magnetic  force  of  0.75  "g" 

(0.75  times  the  force  of  gravity)  applied  to  a supporting  column  for  the  fixed 
crane  rail  located  east  of  the  magnet.  This  supporting  column  is  located 
closest  to  the  magnet  centerline  (approximately  40  feet),  and  the  magnetic 
force  on  the  column  is  applied  horizontally  at  a height  equal  to  the  elevation 
of  the  magnet  horizontal  centerline.  It  was  concluded  that  the  relatively  low 
magnetic  forces  exerted  on  the  crane  rail  supporting  columns  oan  readily  be 
accommodated  in  the  overall  design  of  these  structural  members. 

As  shown  on  GAI  Sketch  No.  08-8?70-C-671-027,  Rev.  0 , the  proposed  stored 
location  of  the  MHD  Building  crane  will  prevent  the  generation  of  any 
significant  magnetic  forces  between  the  crane  cong>onents  emd  the  magnet  when 
the  magnet  is  operational.  However,  it  is  recommended  that  the  crane  be 
"locked"  in  this  position  during  plant  operation  so  that  the  small  magnetic 
force.'i  exerted  on  the  crane  components  will  not  start  the  crane  rolling 
towards  the  magnet.  This  locking  feature  can  be  provided  by  Incorporating 
crane  drive  electrical  interlocks  and/or  physical  stops  attached  to  the  crane 
rails. 
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Tho  Inoroas*  in  ovorall  plant  cost  for  tha  proposed  plant  layout  ohangas  for 
tha  oagnatio  field  exclusion  study  is  SSMStOOO.  Alsost  90  paroant  of  tha 
addad  diraot  costs  are  attributad  to  anlarganant  of  tha  MHD  Building.  Tha 
changes  to  the  coal  handling  systen  and  magnet  support  systems  are  so  small 
that  cost  ohangas  are  considered  to  be  insi^lflcant. 

REFERENCES; 


1.  Volumes  I and  II,  Hagnetohydrodynamlos  Engineering  Test  Faolllty,  200  MWa 
Power  Plant,  Conceptual  Design  Engineering  Report  (CDER). 

2.  Specification  A4442,  Rev.  D,  (from  SDD-503),  "MHD-ETF  200  MUe  Power  Plant 
Magnet  System,  Interim  Criteria  for  Personnel  and  Equipment  Exposure  to 
Magnetic  Fields",  Issued  by  Francis  Bitter  National  Magnet  Laboratory, 
M.I.T.,  Cambridge,  MA. 
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TITLE;  Channel  Replaoeoent — Channel  Downtime  and  Ita  Effect  on  System 
Availability 

SCOPE; 

The  effects  of  HHD  channel  reliability  Indices  on  system  availability  were 
evaluated.  Mean  time  between  failures  (MTBF)  of  the  channel  and  the  time  and 
techniques  to  place  a new  or  repaired  channel  in  operation  were  analyzed. 
Frequency  and  duration  of  failure  of  the  channel  were  coiq>ared  with  other 
major  subsystems  to  decide  whether  special  efforts  for  iDv>rovement  of  system 
availability  were  warranted. 

FINDINGS; 

MTBF  of  the  channel  was  assessed  nominally  at  2,000  hours  and  outage  time  per 
failuHb  was  estimated  at  45  hours.  These  times  are  comparable  to  those  of 
boiler  systems  in  commercial  power  plants  of  the  same  rating.  Channel 
downtime  would  reduce  plant  availability  by  about  2 percentage  points. 

Channel  MTBF  of  3»000  hours  with  downtime  per  failure  of  45  hours  would  result 
in  a 1 point  decrease  in  plant  availability. 

RECO^g^ENDATIONS; 

o MTBF  of  2,000  hours  is  a necessary  con^onent  accomplishment  to  avoid 
deleterious  effect  on  the  power  plant  performance. 

o Since  assigned  channel  MTBF  and  outage  times  were  comparable  to  those  of 
other  subsystems  in  commercial  power  plants,  extraordinary  efforts  to 
improve  MTBF  or  reduce  outage  time  were  considered  not  warranted. 
Improvements,  once  the  assigned  level  (for  commercial  operations)  is 
reached,  can  be  evolutionary  and  in  line  with  continuing  design  and 
developmental  effort  applied  to  the  other  major  power  plant  subsystems. 

o Major  factors  in  the  selection  of  channel  replacement  techniques  should 
be: 


- Minimal  degradation  of  operating  performance. 

• Reliability  and  simplicity  of  replacement  procedures. 

- Efficient  utilization  of  available  space,  equipment  and  manpcwer. 
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PROCEDtfBE; 

The  objective  of  the  study  is  to  estimate  availability  of  the  BTF  Power  Plant 
and  the  effect  of  channel  outages  on  plant  availability.  The  basic  procedure 
is  to  cater '>rlze  the  various  kinds  of  outages  that  can  occur  and  separate 
them  into  those  due  to  the  channel  and  the  rest  of  the  power  plant. 

Power  Plant  Outages  are  classified  as  forced,  maintenance  or  planned, 
according  to  Edison  Electric  Institute/Natlonal  Electric  Reliability  Council 
(EEI/NERC)  definitions.  Maintenance  outages  are  those  that  cannot  be 
postponed  beyond  the  next  weekend  and  are  necessary  to  prevent  more  serious 
consequences,  forced  outages.  Planned  outages  are  scheduled  well  in  advance 
to  coincide  with  system  low  load  periods.  In  each  category,  outages  can  be 
full  or  partial. 

Two  Indices  are  usually  defined  for  the  availability  of  a power  plant.  These 
are:  1)  operating  availability,  tdtlch  is  the  proportion  of  time  a power  plant 

was  available  for  operation,  without  regard  to  the  capacity  level  at  tdilch  it 
could  be  operated  and  whether  or  not  it  is  actually  operated  and  connected  to 
the  system,  and  2)  equivalent  availability,  trtiich  accounts  for  partial  outages 
or  capacity  reductions  by  prorating  the  time  on  partial  outage  to  an 
equivalent  full  outage  of  a plant,  operating  at  full  capacity.  For  example,  a 
4-hour  reduction  to  75  percent  cioacity  is  equal  to  a full  1-hour  outage. 
Equivalent  availability  is  a more  realistic  index  of  power  plant  productivity 
and  will  be  used  in  this  study. 

In  a series  system,  i.e.,  a systen.  in  which  each  coo^onent  must  be  available 
for  the  system  to  be  available,  such  as  the  ETF,  forced  outages,  which  occur 
randomly,  do  not  overlap.  There  is  some  overlap  between  components  in 
maintenance  outages.  During  a planned  outage,  each  coiqponent  may  be 
maintaiiied  during  that  time  interval  so  that  the  sum  of  component  outage  hours 
can  be  several  times  the  actual  period  the  total  power  plant  is  on  outage. 
Because  of  this  difference,  it  is  necessary  to  consider  planned  outage  hours 
on  a different  basis  for  comparisons  than  forced  or  maintenance  outage  hours. 
The  product  method,  where  component  or  subsystem  availabilities  are  multiplied 
to  obtain  system  availability,  gives  pessimistic  and  erroneous  results  due  to 
the  overlapping  outages  and  the  lack  of  statistical  Independence  between 
component  outage  times. 

Planned  outage  hours  are  considered  separately  in  this  analysis  of  the 
3vailability  of  the  ETF  Power  Plant  and  the  effect  of  channel  downtime.  It  is 
estimated  that  the  entire  plant  will  be  out  of  service  for  one  month  in  a year 
for  planned  maintenance,  inspection  and  overhaul.  These  planned  outage  hours 
should  not  be  allocated  among  subsystems  and  components  of  the  plant. 

Forced  outage  and  oaintenance  outage  hours,  however,  were  assigned  to 
subsystems  of  the  plant.  The  data  on  these  outage  hours  is  available  from  EEI 
publications  on  a unit  year  basis.  Since  power  plant  equipment,  even  in  a 
baseload  plant,  does  not  operate  continuously  throughout  the  year 
(8,760  hours),  it  is  not  exposed  to  failure  part  of  the  year.  The  failure 
rates  on  unit  year  basis  are  adjusted  to  account  for  this  fact  by  multiplying 
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with  the  plant  service  factor,  typically  0.8  for  units  of  the  size  of  BTF. 

The  plant  service  factor  Is  the  proportion  of  calendar  tlae  the  plant  operates 
at  some  net  capacity. 

Plant  Availability  is  calculated  on  the  basis  of  the  total  outage  hours,  i.e., 
planned,  full  and  partial  forced  and  maintenance.  The  unavailability 
contribution  of  the  channel  is  obtained  directly  as  channel  outage  hours 
divided  by  period  hours  (6,760  per  year). 

DISCUSSION! 

Data  on  full  forced  and  maintenance  outages  of  bottoming  cycle  components  was 
obtained  from  BEI  publication  76-85  (Reference  1).  Data  on  partial  outages 
and  on  applicable  coiqponents  in  the  boiler  subsystem  was  obtained  from  a 
companion  publication  that  lists  outage  hours  on  Individual  coiq;>onents 
(Reference  2).  The  outage  hours  used  for  the  bottoming  cycle  coBq>onents  are 
realistic  and  include  full  forced,  partial  forced  and  maintenance  outage 
hours. 

For  components  in  the  topping  cycle  other  than  the  channel,  Delphi-type 
estimates  made  by  project  personnel  familiar  with  MHD  systems  were  used.  The 
Delphic  method  is  a technique  to  solicit,  synthesize,  and  correct  or  Improve 
individual  and  group  Judgement.  A group  of  specialists  supply  estimates  of 
failure  characteristics  anonymously  and  are  given  an  opportunity  to  revise 
Judgements  based  upon  estimates  of  the  other  experts.  After  a few  iterations, 
the  estimates  are  averaged  to  obtain  the  final  values  for  use  in  the 
assessments.  These  Delphi-type  estimates  reflect  best  available  engineering 
Judgment  regarding  full  and  partial  forced  outages  and  maintenance 
requirements.  In  the  absence  of  any  operating  data,  there  la  less  confidence 
in  the  estimates  of  performance  of  these  novel  components  than  in  the 
bottoming  cycle  data. 

Nominal  MTBP  assigned  to  the  channel  was  2,000  hours.  This  places  it  in  the 
category  of  boiler  subsystems  for  outage  incidents  per  year.  Outage  time  per 
incident  was  evaluated  at  45  hours.  (Channel  replacement  sequences  and  times 
are  discussed  in  Subtask  306-2,  Channel  Replacement  - Arrangement  and 
Evaluation  of  Alternatives.)  This  outage  time  compares  favorably  with  that 
for  boiler  tube  repair. 

Estimated  annual  channel  outage  hours  = x 45  = 197  hours. 


Estimated  outage  time  of  other  topping 

cycle  components  = 539  hours. 

Bottoming  cycle  subsystem  outage 

time  (forced  and  maintenance)  = 425  hours. 


Total  unplanned  outage  hours 


1,161  hours. 
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Adjusted  unplsnnsd  outage  hours  > 1,161  x 0.8  s 929  hours. 

Planned  outage  hours 
Total  Power  Plant  outage  hours 
Power  Plant  Availability 

Unavailability  due  to  channel  outages 

The  power  plant  equivalent  availability  of  8l  percent  is  in  the  same  range  as 
that  of  medium  size  fossil  units.  If  the  estimated  parameters  of  2,000  hours 
MTBP  and  45  hours  replacement  time  for  the  channel  can  be  realized,  it  would 
appear  that  the  channel  will  not  be  a limiting  factor  in  ETF  availability. 
Extraordinary  effort  to  improve  channel  MTBF  or  reduce  channel  replaoement 
time  is  not  warranted  since  plant  availability  with  a perfect  channel  will  be 
only  1.8  percent  hl^er.  An  improvement  of  channel  MIOT  to  3»000  hours  will 
ing>rove  availability  by  0.75  percent  or  reduce  outage  time  by  66  hours  per 
year.  Reduction  of  channel  KTBF  to  1,000  hours  instead  of  the  nominal 
2,000  hours  will  result  in  power  plant  equivalent  availability  of  79  percent 
with  a corresponding  increase  in  outage  hours  due  to  the  channel  cf  197  hours, 
or  157.6  hours  corrected  by  the  plant  service  factor. 

It  was  assumed  in  the  foregoing  analysis  that  a spare  channel  will  be 
available  to  replace  a failed  channel  and  that  actual  repair  time  for  the 
failed  channel  will  be  short  enough  (about  200  hours)  that  the  spare  channel 
is  not  likely  to  fall  before  repairs  of  the  failed  channel  can  be  coiq>leted. 
Calculations  Indicate  that  there  will  be  a 2 percent  reduction  in  plant 
availability  if  channel  repair  time  is  500  hours  and  only  one  spare  channel  is 
available. 

REFERENCES; 

1 . EEI  Publication  76-85 , "Report  on  Equipment  Availability  for  the  Ten-Year 
Period,  1966-1975",  Primp  Movers  Committee,  Edison  Electric  Institute, 
1976. 

2.  EEI  Publication  76-85A,  "EEI  Equipment  Availability  Coo^onent  Cause  Code 
Summary  Report  1975",  Edison  Electric  Institute,  1977. 
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TITLE;  Channel  RaplacMent  * ArrangMont  and  Evaluation  of  Altarnativen 
SCOPS; 

Plant  outage  tiaM  incurred  by  replaceaent  of  the  channel  aaaeid>ly  waa 
evaluated  for  the  reference  deaign.  Calendar  houra  and  Mn*houre  were 
calculated  for  ahutdovm  and  cooldown  fr«B  full  load,  channel  replaceaent  and 
atartup  to  full  load.  Three  other  altemativea  were  evaluated,  two  involving 
■oveaeDt  of  the  aagnet  and  one  with  the  aagnet  fixed. 

FINDINGS; 

Requireaenta  for  replacing  the  channel  with  the  roll  aaide  aagnet  deaign 
(reference  deaign)  were  19.5  calendar  houra  and  191  aan*houra.  Shutdown, 
cooldown  and  aubaequent  atartup  back  to  full  load  added  25.5  calendar  houra 
for  a total  of  45.  For  replaceawnt  tiae,  a aplit  aagnet  waa  beat,  needing 
16.5  calendar  houra  and  155  aan*houra.  The  aplit  aagnet  alao  allowed  in*place 
inapection  and  reduced  by  paaa  piping  and  valving  requireaenta.  None  of  the 
altemativea  iapoaed  major  penalties  for  channel  replaceaent. 

RECOMMENDATIONS; 

Based  on  channel  replacement  time  and  labor  required  a aplit  channel 
arrangement  is  preferred.  However,  since  none  of  the  alternatives  imposed 
major  penalties,  there  should  be  further  study  on  the  design  and  operational 
effects  on  the  magnet  and  interfacing  systems. 
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raOCEDUiffi; 

A channel  replaceaent  sequence  was  eatabliahed  for  the  reference  concept  i^ich 
utilized  a roll*aaide  aagnet.  During  replaceaent  the  plant  is  not  generating 
any  power,  the  aagnet  field  is  insignificant,  and  tMperature  levels  are 
reduced  to  perait  access  by  personnel  for  the  tasks  to  be  perforaed.  These 
initial  conditions  are  defined  as  part  of  the  shutdown  and  cooldown  analysis 
which  was  done  independently  and  then  phased  in  with  the  channel  replaceaent 
sequences . 

Three  SMin  phases  of  channel  replaceaent  were: 

] . Disconnect 

o Establish  feedwater  bypass  flow  and  vent  and  drain  the  bypassed 
loops . 

o Disconnect  cooling  loop  flanges  from  the  sections  to  be  SMved  or 
reaoved . 

o Disconnect  gas  loop  flanges  from  the  sections  to  be  aoved  or 
resMved.  Secure  and  store  the  removed  section  (nozzle). 

o Disconnect  channel  electrical  harnesses. 

o Disengage  the  aagnet  fixed  supports  and  jack  down  aagnet  until 
settled  on  rollers. 

2.  Magnet  Movement  and  Channel  Replaceaent 

0 Roll  magnet  34  feet  to  replacement  area. 

o Remove  defective  channel  and  insert  new  channel. 

o Roll  magnet  with  inserted  channel  back  to  operational  position. 

3.  Reconnect 

Essentially  a reverse  of  disconnect. 

Water  side  flange  disconnect  times  were  established  as  a function  of  flange 
size  and  pressure  rating,  based  on  industry  and  pipefitter  union  standards. 
Ducting  flange  disconnect  times  were  estimated  from  the  number  of  bolts  and 
times  established  per  bolt  removal. 

Channel  replacement  sequences  were  reviewed  similarly  for  a rotated  aagnet 
arrangement,  a split  magnet  assembly,  and  a fixed  magnet  arrangement.  For  the 
rotated  magnet,  the  removable  sectlon/dif fuser  and  the  removable  section/ 
nozzle  were  removed  to  provide  pivot  clearance,  and  the  appropriate  feedwater 
bypasses  incorporated.  With  the  split  magnet  only  channel  feedwater  bypass 
and  channel  removal  were  needed,  but  the  channel  had  to  be  disengaged  from 
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floor  cupportt.  With  a fixed  magnet  arrangement,  the  entire  diffuaer 
aaaembly,  including  transition  piece,  is  removed  and  appropriate  bypass  and 
drainage  established. 

Plant  shutdoim  and  cooldown  sequences  were  established  independently  and  then 
correlated  with  the  disconnect  phases  of  channel  replacement.  In  particular, 
feedwater  drainage  and  bypass  flow  had  to  be  coordinated  with  boiler 
temperature  gradient  and  steam  side  cooling  requirements.  Similarly,  the 
subsequent  startup  sequence*  to  full  load  trere  done  independently  and  then 
coordinated  with  the  recooaect  phase  of  channel  replacement. 

Modifications  to  the  reference  design,  co  reduce  outage  time,  were  reviewed. 
These  included  incorporation  of  closed  loop  cooling  for  the  channel  and 
improved  space  and  component  arrangasents  to  accommodate  channel  pull  if 
alternative  magnet  arrangements  were  selected  in  lieu  of  the  present  reference 
case. 

Recommendations  were  made  based  on  the  resultant  hour,  man*hour  requirements, 
complexity  of  changeout  equipment,  and  techniques  and  intangibles  such  as 
estimated  probability  of  sometbing  going  wrong. 

DISCUSSION: 

It  is  estimated  that  the  HKD  channel  will  have  a mean  tine  between  failure, 
(HTBF)  when  in  commercial  operation,  of,  nominally,  2,000  hours.  Since  the 
channel  operates  within  the  bore  of  the  enveloping  magnet,  facilitated  access 
for  replacement  and  repair  of  a malfunctioning  chinnel  are  essential. 

Current  procedure  for  replacement  of  the  channel  is: 

1.  Shutdown  plant  power  system. 

2.  Cooldown  MHD  equipment  and  adjacent  r/ea  (radiant  boiler). 

3.  Disconnect  upstream  (nozzle)  and  downstream  (diffuser)  caannel  transition 
piece  flanges,  piping  ar.d  electrical  connection. 

4.  Disconnect  magnet  tie  downs  and  settle  magnet  on  rails  transverse  to 
magnet  axis. 

5.  Move  magnet  on  rails  34  feet  to  channel  removal  location. 

6.  Move  cradle  with  removal  fixture  and  replacement  channel  into  position. 

7.  Remove  faulted  channel. 

8.  Insert  replacement  channel. 

9.  Hoist  faulted  channel  over  magnet  cryogenic  piping  supply  boom  to  i^il 
car  for  removal  and  repair. 
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10.  Reverse  steps  S through  3. 

11.  Run  systea  checks. 

12.  Bring  power  plant  back  on  stream. 

Each  of  the  steps  delineated  above  is  time-consuming  and  complex.  Shutdown, 
cooldown  and  subsequent  checkout  and  startup  (steps  1,  2,  11,  12,)  will  be 
common  to  any  replacement  technique  regardless  of  magnet  arrangement. 
Alternative  SMans  of  swchanlcally  replacing  the  channel  have  been 
investigated.  These  include: 

- pivoting  the  magnet 

- splitting  the  magnet 

- resKiving  the  diffuser  assembly  to  allow  the  channel  to  be  pulled  and 
replaced  without  disturbing  the  magnet 

They  are  described  in  the  following  text. 

Arrangements  and  Techniques  for  Channel  Replacement 

Present  Boundaries  and  Equipment  Configuration 

Referring  to  Figure  1,  critical  dimensions  are: 


Channel  Length  52'  - 6" 

Nozzle  2’  - 6" 

Removable  Section  (Nozzle-Scaled)  3’  - A" 

Diffuser  39'  - 6" 

Removable  Section  (Diffuser)  13'  - 9" 

Transition  Section  18'  - 11*' 

Channel/Diffuser  Flange  to  Boiler  Wall  58'  - 5" 


It  is  not  clear  from  the  MHD  Power  Train  System  data  supplied  how  the 
transition  section,  with  expansion  joints  at  upstream  and  downstream  end,  is 
attached  or  what  allowances  have  been  made  for  flanges  and  tie  rods.  However, 
assuming  that  end  flanges  are  included  in  the  length  of  18'  - 11"  and  since 
the  downstream  flange  is  at  the  boiler  structural  wall,  pull  space  for  the 
channel  in  the  axial  direction  is  58’  - 5"..  For  the  channel  positioned  on  the 
cradle,  there  is  only  5'  - 11"  clearance  at  the  back  end  of  the  cradle  for 
winches,  pneumatics  and  access. 

Roll-Aside  Magnet 

Current  concepts  for  the  ETF  show  a magnet  which  can  be  rolled  on  tracks 
3A  feet  laterally  to  the  channel  removal  area.  This  sequence  is  illustrated 
in  Drawing  C-673-030  and  Figures  2 and  3 and  tabulated  in  Tanle  1. 
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FEEDWATER  BOOSTER 

FEEIWVATER 


CHANNEL  REMACEHENT  SEQUENCE-TASK  NO.  306 
ROLL-ASIDE  HAGNET  CONCEPT 


. VENT  MO  DOAIN  COlPONENT  COOLING  LINES 
DISCONNECT  NOZZLE  COOLING  FLMGES 
DISCONNECT  CNMNEL  COOLING  FLMGES  (COIO.  « :iFF.  ENOS) 
OISCONNECT  CHMNEL/OIFFUSEII  FLANGE 
DISCONNECT  CNANNEL/NOZZLE  FLANGE 

OISCONNECT  FLASNA  DUCT/NOZZLE  FLANGE 

DISCONNECT  lAGNET  lAM  BONE  COOLING  FLANGES 

OISCONNECT  ELECTRICAL  CONNS,  t REOOVE  PIPING  FROI  lAGNET 
OUTLINE  (COIO.  I OIFF.  ENOS) 

DISCONNECT  lAGNET  FIXED  SUPPORTS/SET  lAGNET  ON  ROLLERS 

lOVE  lAGNET  34  FT.  TO  CHANNEL  REPLACEIENT  AREA  (9-/IIN.  AVG. ) 

POSITION  CHMNEL  TRANSFER  FIXTURE 

RENVE  DEFECTIVE  CHANNEL 

INSERT  NEI  OR  REPAIRED  CHMNEL 

lOVE  lAGNET  BACK  TO  OPERATIONAL  POSITION 

DEFECTIVE  CHANNEL  HOISTED  A TRANSFERRED  TO  RAIL  CAR 

SFCURE  lAGNET  TO  FIXED  SUPPORT: 

REASSEIBLE  ELECTRICAL  CONNECTIONS  A INSTALL  PIPING  TO  FLANGE 
CONNECTIONS  (COIB.  A OIFF.  ENOS) 

REASSEIBLE  RAM  BORE  COOLING  FLANGES 

AEASSEIBLE  PLASIA  OUCT/NOZZLE  FLANGE 

REASSEIBLE  CHANNEL/NOZZLE  FLANGE 

REASSEIBLE  CHANNEL /0I FFUSER  FLANGE 

CONNECT  CHANNEL  COOLING  FLANGES  (COIB.  A OIFF.  ENDS) 

CONNECT  NOZZLE  COOLING  FLANGES 

REFILL  COOLING  LINES  A CLOSE  DRAIN  A VENT  VALVES 

l-OLIyOrT  ‘ * / 


» NANHOURS  REQUIRED  FOR  EACH  TASK 
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Utility  and  pipefitter  tine  standards  for  flange  assemblies  were: 


Size 

Rating 

M-H 

in. 

lb. 

1-1/2 

3CC 

2.0 

3 

.300 

2.6 

4 

300 

3.0 

2-1/2 

1,500 

6.0 

4 

1,500 

12.0 

5 

1,500 

17.0 

Rectangular  ducting  flanges  were  assigned  0.35  M-H  for  each  bolt  assembly. 
Total  calendar  time  needed  was  19.5  hours;  total  man-hours  needed  was  190.7. 
Two  shutoff  valves  were  incorporated  in  the  bypass  piping  for 'both  the  high 
pressure  and  low  pressure  (channel)  feedwater  loops.  One  valve  was  used  for 
bypass  in  each  loop.  The  shutoff  valves  will  be  in  the  flow  path  during 
normal  operation  and  contribute  to  line  pressure  drop. 

During  the  mechanical  dissassembly  and  assembly  the  magnet  is  kept 
cryogenically  cooled.  Continuous  connection  of  piping  and  electrical  leads  to 
the  magnet  are  provided  at  any  magnet  position  by  use  of  a utility  boom. 

Rotated  Magnet 

The  sequence  for  removing  and  replacing  a channel  utilizing  a rotated  magnet 
is  illustrated  in  Drawing  C-673-029.  Bypass  loops  and  valving  are  shown  on 
Figure  4.  A summary  of  the  steps  is  presented  in  Table  2.  To  provide 
clearance  to  pivot  the  magnet  35®,  the  removable  section/nozzle  (RS)*  and  the 
first  section  of  the  diffuser  assembly, (Dl)  had  to  be  disconnected  and 
removed.  The  5"  cooling  pipe  flanges  to  diffuser  section  Dl , required 
17  hours  for  each  of  4 to  disconnect  and  24  hours  to  connect.  Total  calendar 
hours  required  was  33.0;  man-hours  was  490.7.  Nozzle  cooling  water  bypass 
moved  upstream  of  (RS)  and  a bypass  for  the  diffuser  section, (Dl)  had  to  be 
added.  Four  high  pressure  valves  and  two  low-pressure  valves  will  be  included 
in  the  feedwater  cooling  loop  during  normal  operation. 

^ I it  Magnet 

The  sequences  for  removing  and  replacing  a channel  utilizing  a split  magnet 
are  illustrated  on  Drawing  C-673-031.  Bypass  loops  and  the  associated  valving 
are  shown  on  Figure  5.  A summary  of  sequences  is  on  Table  3.  Channel 
supports  extend  through  slots  in  the  magnet  assembly  and  are  in  place  while 
the  magnet  is  in  a separated  position.  No  cradle  is  needed;  the  disconnected 
channel  is  hoisted  vertically  and  then  laterally,  to  avoid  the  double  boom,  to 
the  rail  ear.  Calendar  time  requirements  are  16.5  hours  with  155.2  man-hours 
of  effort.  Only  channel  bypass  is  required  and  only  two  low  pressure  valves 
will  be  added  to  the  cooling  circuit  during  normal  operation.  In  addition, 
this  alternate  facilitates  inspection  of  the  channel  and  provides  a potential 
for  in-place  repair. 

* Bracketed  designations  are  defined  on  Figure  1. 
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BOOSTER 

feedwater 


CNAMCL  KPUCf^HT  5EQUCNCE-TASR  NO.  306 
SPLIT  MCNET  CONCEPT 


CMNMUNieAL 


gpi.nQUT  £BAME  I 

I.  VENT  MO  DRAIN  COlPONENT  C00LIN6  LINES 

I.  DISCONNECT  CNANNEL  CI8LIN6  FLM6ES  (COHO,  t DIFF.iENDS) 

3.  DISCONNECT  CNANNEL/DIFFVSER  FLM6E 

4.  DISCONNECT  CNANNEL/NOZZLE  FIANCE 

5.  DISCONNECT  NACNET  DARN  RORE  COOLING  FLANGES 

I.  DISCONNECT  ELECTRICAL  CONNS.  G RENOVE  PIPING  FRON  NAGNET 
OUTLINE  (CONI.  I DIfF.  ENOS) 

7.  DISCONNECT  NAGNET  FIXED  SUPPORTS/SET  NAGNET  ON  ROLLERS 
I.  lOVE  SPLIT  SECTIONS  OF  NAGNET 
I.  DISCONNECT  CHANNEL  FGM  SUPPORTS 
ID.  REROVE  CNANNEL 

11.  INSERT  NEI  REPLACENENT  CHANNEL 

12.  CONNECT  CHANNEL  TO  SUPPORTS 

13.  NOTE  NAGNET  SECTIONS  RACK  TO  OPERATIONAL  POSITION 

14.  SECURE  NAGNET  TO  FIXED  SUPPORTS 

15.  CONNECT  ELECTRICAL  CONNECTIONS  I INSTALL  PIPING  TO  FLANGE 
CONNECTIONS  (CORD.  I OIFF.  ENDS) 

II.  CONNECT  lARi  RORE  COOLING  FLAN.'.ES 

17.  CONNECT  CHANNEL/NOZZLE  FLANGE 

ID.  CONNECT  CHANNEL/OIFFUSER  FLANGE 

10.  CONNECT  CHANNEL  COOLING  FLANGES  (CONS.  ( OIFF.  ENOS) 

70.  REFILL  COOLING  LINES  1 CLOSE  ORAIN  I VENT  VALVES 
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MANHOURS  REQUIRED  FOR  EACH  TASK 
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Fixed  Magnet 

The  channel  can  be  renoved  without  disturbance  of  the  nagnet  by  removing  the 
diffuser, (Dl,  D2,  D3)  and  transition  section, (TS)  to  provide  clearance  for 
channel  pull.  Sequences  are  illustrated  on  Drawing  C-673-028.  Associated 
bypasf  piping  and  valving  are  shown  on  Figure  6.  Removal  of  the  nozzle 
section, (N)  provides  space  for  pulleys  and  accessory  fixtures  used  in  pulling 
and  replacing  the  channel.  Mechanics  of  channel  replacement  takes  32  hours 
and  requires  426.7  man-hours.  A summary  of  steps  is  provided  on  Table  4. 

The  bypass  system  requires  6 high  pressure  and  3 low  pressure  valves.  Four 
high  pressure  and  two  low  pressure  valves  are  in  the  feedwater  flow  circuit 
during  normal  operation. 

No  booms  are  required  for  the  magnet,  which  is  undisturbed.  The  channel 
cradle  can  be  moved  to  abut  with  the  rail  car  to  transfer  the  spent  channel 
since  there  is  no  blockage.  Hoisting  of  the  channel  is  eliminated.  Pull 
length  is  tight  since  the  boiler  house  structural  wall,  58*  - 5"  from  the 
channel  upstream  flange,  leaves  only  5'  - 11"  total  clearance  for  cradle  and 
pull  equipment.  If  a fixed  magnet  were  selected,  subsystem  and  structural 
arrangements  could  be  modified,  as  needed,  to  better  accommodate  channel 
replacement . 

Cooldown  and  Subsequent  Startup 

The  magnet  arrangement  and  techniques  used  to  replace  a failed  channel  will 
have  negligible  effects  on  the  power  reduction  and  cooldown  of  the  power  loops 
and  the  subsequent  startup.  Critical  features  during  the  cooling  and  heating 
transients  will  be  temperature  gradients  from  top  to  bottom  of  the  boiler  drum 
and  temperature  differences  through  the  drum  wall. 

For  both  cooling,  during  shutdown,  and  heating,  during  startup,  for  the 
nominal  6 inch  thick  drum,  top  to  bottom  allowable  temperature  differential 
was  100“F.  For  steam  pressure  ratings  of  1,900  psi,  corresponding  drum  wall 
temperature  difference  allowables  were  85°F  for  cooling  and  205"F  for  heating. 
This  is  shown  in  Fig  ire  7.  The  allowable  heating  rate  of  the  feedwater  during 
startup  is  80°F  an  hour  as  shown  on  Figure  8.  In  about  7-1/2  hours,  drum 
water  temperatures  will  be  brought  from  150®F  to  630®F.  If  the  resistance 
ratio,  approaches  zero,  the  inner  surface  follows  the  same 

m 

temperature  profile  as  the  feedwater  in  contact  with  it.  For  high  heat 
transfer  coefficient,  h,  as  occurs  with  water  as  a flow  medium,  the 
approximation  is  valid  and  conservative,  for  normal  values  of  conductivity,  k, 
and  wall  thickness,  r . Table  5 tabulates  boiler  drum  parameters  during  the 
startup  heating.  The  critical  point  occurs  at  the  fourth  hour  with  a AT  of 
160°F*  through  the  drum  wall,  but  with  top  to  bottom  gradients  at  their  limit. 
The  analysis  is,  of  course,  general.  Specific  calculations  require  details  of 
the  boiler  actually  in  service. 

* Note  this  includes  the  effects  of  top  to  bottom  gradients  and  fluid 
temperature  differentials  since  recovery  of  surface  temperature  at  the 
back  surface  at  the  same  location  is  relatively  ra^id  (about  1 hour). 
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CHANNEL  REPLACEMENT  SEQUENCE 
TASK  NO.  301  ' 

FIXED  MASNCT  CONCEPT 

1.  VINT  Ml  DRAIN  COVMtNT  C00LIN6  LINES 

2.  OISCNNECT  NOZZLE  COOL  INI  FLANCES 

I.  DISCONNECT  CNAMEL  CDDLIN6  FLANSES  (COM.  MD 
DIFF.  ENOS) 

4.  DISCONNECT  DIFFUSER/TRANSITION  ASSENLT 
COOLING  FLM6ES 

5.  DISCONNECT  CNANNEL/OIFFUSEI  FLMGE 
I.  DISCONNECT  CHANNEL/NOZZLE  FLANGE 


7.  DISCONNECT  PLASIA  DUCT/NOZZLE  FLMGE 

I.  DISCONNECT  TRMSITION  SECTION/NR/SR  FLANGE 

I.  DISCONNECT  ELECTRICAL  CONNS.  AND  REIOVE  PIPING 
FROM  lAGNET  OUTLINE  (CON.  AND  DIFF.  ENOS) 

II.  REIOVE  AND  STORE  OIFFUSER/TRMSITION  ASSEIDLT 

11.  POSITION  CHANNEL  TRANSFER  FUTURE 

12.  REIOVE  CHANNEL 


IS.  INSERT  NEI  REPLACENENT  CNAMEL 

14.  REPLACED  CNAMEL  TRMSFERRED  TO  RAIL  CAR 

15.  DIFFUSER/TRANSITION  ASSEIDLT  PLACED  IN 
OPERATIONAL  POSITION 

II.  COMECT  ELECTRICAL  CONNS.  MD  INSTALL  PIPING 
TO  FLMGE  CONNS.  (COM.  AND  OIFF.  ENOS) 

17.  COMECT  TRMSITION  SECTION/NR/SR  FLANGE 
ID.  CONNECT  PLASIA  OUCT/NOZZLE  FLANGE 

II.  COMECT  CHAMEL/NOZZLE  FLANGE 

21.  CONNECT  CHAMEL/OIFFUSER  FLANGE 

21.  CONNECT  DIFFUSER/TIMSITION  ASSERILY 
COOLING  FLANGES 

22.  CONNECT  CNAMEL  COOLING  FLANGES  (CONI.  AND 
OIFF.  ENOS) 

23.  CONNECT  NOZZLE  COOLING  FLANGES 

24.  REFILL  COOLING  LINES  AND  CLOSE  DRAIN  AHO 
VENT  VALVES 


• MANHOURS  REQUIRED  FOR  EACH  TASK 
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FIGURE  7 

AUORABLE  TEMPERATURE  DIFFERENTIAL  LIMITS  FOR  STEAM  DRUM 


2.000 


1910  PSIA  - 630®  F SAT.  TEMPERATURE 
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FIGURE  9 

COOLING  CURVE  FORCED  DRAFT  COOLING 
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TABLE  S 


HEATING  PROFILE  FOR  BOILER  DRUH 


t 

ATs 

ATb 

Ts-Tb 

hr 

op 

op 

ep 

0 

0 

0 

0 

1 

80 

0 

80 

2 

160 

28 

132 

3 

240 

88 

1S2 

4 

320 

160 

160 

6 

4S0 

3S0 

100 

8 

480 

430 

SO 

t = time  from  start 

ATs  = temperature  change  of  inner 

drum  surface 

ATb  = temperature  change  of  back 

surface 

Ts  - Tb  = temperature 

difference 

through  drum 

Recovery  factors  stay  the  sane  for  the  drun  during  shutoff  and  cooldown. 
Table  6 shows  the  pertinent  parameters  of  the  drun  during  a IS  hour  cooling 
cycle.  Haximun  rate  of  change  of  feedwater  temperature  is  40*F  per  hour. 
Also  draft  air  fanning  occurs  as  shown  on  Figure  9. 


TABLE  6 


COOLING  PROFILE 

FOR  BOILER  DRUM 

t-hr 

ATs-”F 

m-®F 

Ts-Tb-”F 

0 

0 

0 

1 

-40 

0 

40 

2 

-80 

-14 

66 

3 

-120 

-44 

76 

4 

-160 

-80 

80 

6 

-240 

-187 

S3 

8 

-320 

-288 

32 

10 

-400 

-380 

20 

15 

-480 

-446 

0 

t = time  from  start 

ATs  = temperature  change  of  inner  drum  surface 
ATb  = temperature  change  of  back  surface 
Ts-Tb  = temfjrature  difference  through  the  drum 

Air  is  supplied  during  the  critical  cooldown  phase  of  the  first  7 to  8 hours 
at  2S0  to  300'*F,  when  temperature  differences  at  the  inner  and  outer  drum 
surfaces  are  near  their  limit.  During  the  intermediate  phase,  of  S to 
7 hours,  air  is  at  ISO”  to  200”F,  and  in  the  final  phase  at  100”F.  This  last 
temperature  is  also  the  assumed  ambient,  100”F.  Fanning  air  will  also  help 
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cool  down  tha  topping  aide.  Becauie  of  tha  larga  cooling  aurfaca  and  thinner 
aectiona,  tha  topping  aide  can  take  larger  gradianta  and  will  not  be  a 
liaiting  factor. 

Figure  10  ahowa  gradienta  through  the  druai  wall  for  ahutdown  and  atartup 
conaidered  typical  for  the  ETF  configuration.  Total  cooldom  tiae  to  atart  of 
channel  replaceaent  ia  IS  houra.  Total  atartup  to  full  load  tioM  duration, 
after  replaceawnt  of  channel  in  operating  poaition,  ia  10. S houra.  The 
ahutdown  and  atartup  tiaw  of  25. S houra  ia  additive  to  the  tiae  for  the 
channel  replaceawnt  cycle  regardleaa  of  which  alternative  for  replaceownt  ia 
aelected.  For  the  reference  concept  total  outage  tiaw  to  replace  the  channel 
ia  45  houra. 


TEiPERATURE  EXTREiES  THR6V6H  DRUM  lALL 
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TITLE;  Regenerative  Combustor  Cooling 

SCOPE; 

An  analytical  evaluation  was  made  to  determine  the  impact  on  the  ETF 
performance,  layout,  and  configuration  of  utilizing  the  combustor  and  nozzle 
heat  losses  to  preheat  the  oxidant,  and  thereby  eliminate  the  Intermediate 
Temperature  Oxidant  Heater  (ITOH)  and  the  related  high  temperature  oxidant 
lines  between  the  Heat  Recovery /Seed  Recovery  System  (HR/SR)  and  the 
Combustor. 

FINDINGS; 

The  use  of  a regenerative  combustor  and  the  elimination  of  the  ITOH  results  in 
only  minor  changes  to  the  reference  (ODER)  ETF  plant  layout.  The  ETF 
configuration  and  layout  is  simplified  to  a slight  degree  by  (1)  the 
elimination  of  the  high  teny>erature  oxidant  lines  from  the  HR/SR  Building,  and 
(2)  the  deletion  of  the  flue  gas  recirculation  fens  which  are  no  longer 
required.  However,  the  use  of  the  selected  regenerative  coad>ustor  scheme 
requires  (1)  the  addition  of  a liquid  to  gas  (oxidant)  closed-loop  heat 
exchanger  for  transferring  the  combustor  second  stage  and  nozzle  heat  loads  to 
the  oxidant,  (2)  a slightly  larger  channel,  and  (3)  a slightly  modified 
diffuser  to  match  the  new  channel  operating  conditions.  Some  changes  in  the 
HR/SR  envelope  dimensions  are  expected  because  of  the  significant  changes  in 
heat  transfer  areas  for  several  HR/SR  components.  Other  minor  changes  to  the 
ETF  configuration  and  layout  Include  a slightly  larger  turbine-generator 
(5.7  percent  Increase  in  power  output),  a smaller  electrostatic  precipitator 
(7.8  percent  decrease  in  capacity),  and  the  possible  addition  of  a feedwater 
heater  upstream  of  the  deaerator. 

The  use  of  a regenerative  combustor  for  oxidant  preheat  to  778°F  causes  only  a 
slight  reduction  in  overall  plant  performance.  Net  power  output  is  reduced  by 
3.4  MWe  to  198.9  MWe  and  plant  efficiency  is  decreased  by  0.64  points  to 
37.39  percent.  The  reduction  in  the  MHD  Generator  power  output  of  11  MWe  is 
partially  offset  by  the  increase  in  secondary  side  (steam  cycle)  power  output 
of  7.3  MWe. 

RECOMMENDATIONS; 

Further  study  is  required  to  evaluate  the  total  economic  impact  of 
regenerative  combustor  cooling  on  the  ETF  design.  A fairly  detailed 
investigation  will  be  required  to  establish  the  cost  of  a regenerative 
combustor  specifically  designed  for  the  MHD-ETF  plant.  A comprehensive  cost 
investigation  will  be  required  for  the  HR/SR  because  of  the  elimination  of  the 
ITOH  plus  changes  in  heat  transfer  areas  for  several  HR/SR  components. 

Assuming  favorable  economic  and  risk  evaluations  it  is  recommended  that  the 
concept  of  a regenerative  combustor  for  preheating  the  oxidant  and  thereby 
eliminating  the  ITOH  be  Incorporated  into  the  ETF  plant  design.  This  change 
is  recommended  because  it  simplifies  the  plant  design  with  only  a slight 
performance  penalty.  As  shown  in  Figure  1 , the  selected  regenerative 
combustor  scheme  is  designed  to  preheat  the  oxidant  to  778°F  by  utilizing  the 
total  heat  rejected  by  the  combustor  and  nozzle  walls.  It  is  also  recommended 
that  a feedwater  heater  be  addod  upstream  of  the  deaerator  in  order  to  obtain 
a slight  Improvement  in  cycle  efficiency  and  also  establish  a lower  and  more 
conventional  value  for  the  temperature  rise  across  the  deaerator. 


Co,  tf . 
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PROCEDURE! 

The  performenoe  of  the  MHD-ETF  plant  was  analytically  evaluated  to  deteraine 
the  iapaot  on  the  BTP  design  of  using  a regenerative  oonbustor  to  preheat  the 
oxidant  and  thereby  eliminate  the  Intermediate  Temperature  Oxidant  Heater. 

For  the  selected  regenerative  combustor  cooling  scheme,  it  is  assumed  that  the 
two  stage  TRU  oombustor  has  the  capability  of  heating  the  oxidant  and  the 
total  heat  rejected  by  the  combustor  and  nozzle  la  used  to  heat  the  oxidant. 

A liquid  to  gas  (oxidant)  closed  loop  heat  exchanger  system  is  required  to 
transfer  the  heat  load  from  the  combustor  second  stage  and  nozzle  to  the 
oxidant.  Additional  heat  is  transferred  directly  to  the  oxidant  in  the 
combustor  first  stage  tube  wells  and  this  establishes  the  final  oxidant 
preheat  temperature  for  the  high  temperature  combustor  process. 

Computer-assisted  calculations  were  used  to  determine  the  new  oxidant  preheat 
temperature  and  balanced  conditions  for  mass  flow  and  heat  transfer  were 
established  for  both  the  topping  and  bottoming  side  systems.  The  revised 
system  heat  and  mass  balance  for  regenerative  combustor  cooling  was  evaluated 
with  respect  to  the  following  task  objectives: 

1)  Identification  of  major  state  point  changes. 

2)  Indentification  of  major  system  and  equipment  changes. 

3)  Sizing  of  liquid  to  gas  (oxidant)  heat  exchanger. 

4)  Impact  of  proposed  oxidant  heating  system  on  the  ETF  configuration  and 
layout. 

5)  Identification  of  the  advantages  and  disadvantages  of  regenerative 
combustor  cooling  relative  to  simplification  of  the  ETF  configuration  and 
layout. 

DISCUSSION: 

A major  concern  associated  with  ETF  plant  reliability  is  the  use  of  a 
recuperative  heat  exchanger  in  the  HR/SR  for  preheating  the  oxidant  prior  to 
its  delivery  to  the  combustor.  The  tubes  of  this  heat  exchanger,  the  ITOH, 
are  subjected  to  the  severe  environment  of  1600®F  flue  gas  temperatures  and 
the  erosive  and  corrosive  flow  of  the  seed-laden  flue  gas.  The  ITOH  presents 
complex  design  problems  since  its  operating  environment  imposes  severe 
problems  impacting  both  reliability  and  plant  availability.  During  normal 
operation,  the  tubes  of  this  gas  heat  exchanger  are  the  hottest  metal  in  the 
HR/SR  in  contact  with  the  seed-laden  flue  gas.  The  elimination  of  the  ITOH 
would  simplify  the  ETF  design  and  allow  for  greater  ease  of  plant  operation. 

This  study  evaluates  the  use  of  a regenerative  combustor  for  preheating  the 
oxidant  with  the  resultant  elimination  of  the  ITOH  and  the  high  temperature 
oxidant  lines  bet’ween  the  HR/SR  and  the  combustor.  For  the  selected 
regenerative  combustor  cooling  scheme,  the  total  heat  rejected  by  the 
combustor  and  nozzle  tube  walls  is  used  to  preheat  the  oxidant.  As  shown  in 
Figure  1,  initial  preheating  of  the  oxidant  is  accomplished  using  a liquid 


Engineering  Study  307 
Page  4 of  9 


oouple  in  whioh  a secondary  closed  loop  heat  exohanger  is  used  to  transfer  the 
heat  froo  the  combustor  second  stage  and  nozzle  walls  to  the  oxidant.  Final 
preheating  of  the  oxidant  is  then  achieved  by  directing  the  oxidant  flow 
throu^  the  oombustor  first  stage  cooling  walls.  For  the  CDBR  baseload  design 
point,  an  estimated  total  of  24. 8M  HU  of  heat  is  transferred  from  the 
combustor  and  nozzle  walls  to  the  boiler  feedwater.  For  this  study,  the 
boiler  feedwater  is  replaced  in  the  combustor  first  stage  cooling  Jacket  by 
oxidant  cooling,  and  it  is  assumed  that  the  same  combustor  and  nozzle  are  used 
to  preheat  the  oxidant.  The  total  heat  rejection  rate  of  24.84  MUe  from  the 
oombustor  and  nozzle  preheats  the  oxidant  to  7780F  prior  to  its  delivery  to 
the  combustor  for  the  high  temperature  combustion  process. 

Balanced  conditions  for  mass  flow  and  heat  transfer  for  the  oxidant  preheat  of 
778°F  were  established  for  both  the  topping  and  bottoming  side  systems  using 
computer-assisted  calculations.  These  calculations  produced  an  overall  heat 
and  mass  balance  that  shows  only  a slight  reduction  in  overall  plant 
perj'ormanoe.  Net  power  output  is  reduced  from  202.2  to  198.9  MUe  and  plant 
eff'ciency  Is  decreased  from  38. 0 to  37.4  percent.  The  ETF  system  power 
summary  for  this  study  is  presented  in  Table  1. 

The  elimination  of  the  ITOH  and  the  regenerative  heating  of  the  oxidant  to 
778<>F  resulted  In  other  system  changes  that  affect  both  the  topping  emd 
bottoming  sides  of  the  ETF  plant.  The  lower  oxidant  preheat  temperature 
results  In  reduced  channel  power  output  (by  11  MVe)  because  of  the  lower 
combustion  temperature.  This  requires  a lower  channel  expansion  ratio  and, 
therefore,  a lower  combustion  pressure.  This  loss  Is  partially  recovered  by 
the  1.8H  or  7.5  MW  additional  heat  Input  to  the  bottoming  cycle.  This 
additional  heat  Input  to  the  steam  cycle  Is  accommodated  by  a 2.8  percent 
Increase  In  main  steam  and  feedwater  flows.  The  higher  main  steam  flow 
requires  an  Increase  In  the  size  of  the  main  turbine-generator  from  128.0  to 
135.3  HWe.  Significant  state  point  changes  for  the  bottoming  side  (steam 
cycle)  are  outlined  In  Table  3. 

Because  of  the  lower  operating  temperatures  of  the  topping  side  components, 
the  high  temperature  components  of  the  HR/SR  are  supplied  with  flue  gas  at 
substantially  reduced  temperat’ores.  The  completion  of  combustion  In  the 
afterburner  section  of  the  HR/SR  generates  a gas  Inlet  temperature  to  the 
superheater  of  2245^  with  no  flue  gas  recirculation  flow.  Since  this 
temperature  Is  well  below  the  maximum  limit  of  2400^  for  superheater  gas 
temperature,  flue  gas  recirculation  Is  not  required  and  the  flue  gas 
recirculation  fans  are  eliminated.  Significant  state  point  changes  for  the 
topping  side  (MHD  systems)  are  outlined  In  Table  2. 

The  use  of  a regeneratl/e  combustor  In  the  MHD-ETF  plant  results  in  only  minor 
changes  to  the  reference  (CDER)  ETF  plant  layout.  The  ETF  configuration  and 
layout  Is  simplified  and  greater  ease  of  operation  Is  possible  because  of  the 
following  changes: 

1)  Elimination  of  the  ITOH  and  the  high  temperature  oxidant  lines  from  the 
HR/SR  building. 
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2)  EllBination  of  the  flue  gas  recirculation  fana  which  are  no  longer 
required. 

3)  The  addition  of  a feedwater  heater  upstream  of  the  deaerator  in  order  to 
reduce  the  temperature  difference  across  the  deaerator  and  be  more 
compatible  with  conventional  practice. 

These  changes  are  not  normally  shown  on  plant  layout  drawings  or  are 
considered  insignificant  when  considering  revisions  to  plant  layout  drawings. 

The  changes  to  the  ETP  configuration  that  could  require  changes  tc  the  plant 
layout  are  outlined  as  follows: 

1)  The  probable  increase  in  envelope  dimensions  for  a regenerative 
combustor. 

2)  The  addition  of  a liquid  to  gas  (oxidant)  closed- loop  heat  exchanger  for 
transferring  the  combustor  second  stage  and  nozzle  heat  loads  to  the 
oxidant. 

3)  A slightly  larger  surface  area  for  MHD  channel  with  the  same  active 
length. 

A slightly  modified  diffuser  to  match  the  new  channel  operating 
conditions. 

5)  A slightly  larger  (5.7  percent)  turbine-generator. 

6)  A smaller  (7.8  percent)  electrostatic  precipitator. 

7)  The  anticipated  Increase  in  HR/SR  envelope  dimensions. 

The  anticipated  increase  in  HR/SR  envelope  dimensions  is  attributed  to  the 
substantial  changes  in  heat  transfer  areas  for  the  radiant  boiler  and  the 
superheater.  Based  on  preliminary  calculations,  the  decrease  in  gas 
temperatures  and  the  Increase  jf  3^  MU  of  heat  transferred  in  the  radiant 
boiler  require  a 48  percent  increase  in  radiant  boiler  heat  transfer  area. 
Similarly,  the  increase  of  3 MW  in  heat  transferred  by  the  superheater 
combined  with  the  reduction  in  gas  temperatures  require  a 30  percent  increase 
in  superheater  heat  transfer  area. 

It  is  recommended  that  further  studies  be  conducted  to  evaluate  the  economic 
impact  of  all  the  component  changes  required  for  Incorporation  of  regenerative 
combustor  cooling  in  the  ETF  design.  Comprehensive  cost  Investigations  will 
be  required  to  establish  meaningful  cost  estimates  for  a substantially  revised 
HR/SR  assembly  and  for  a regenerative  combustor  specifically  designed  for  the 
MHD-ETF  plant. 

There  could  be  significant  reductions  in  capital  expenditures  because  of  the 
reduced  MHD  generator  output.  A reduction  in  MHD  generator  output  should 
produce  a corresponding  reduction  in  consolidation  circuits  and  Inverters. 
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TABLE  1 

ETF  SYSTEM  POWER 


Reference  ETF 
Plant  (CDER) 

ETF  Plant  With 
Regenerative 
Combustor  Cooling 

MHD  Eleotrioal  Power:  MWe 

HHD  DC  Power  Output 

87.1 

76.1 

Steam  Cycle  Electrical  Power:  MWe 

Electrical  Power  Output 

128.0 

135.3 

Gross  Plant  Eleotrioal  0utput(3):  MWe 

213.0 

211.4 

Auxiliary  Power  RequlrementsO) : MWe 

10.8 

12.5 

Net  Plant  Electrical  Output:  MWe 

202.2 

198.9 

Plant  Efficiency:  % 

38.0 

37.4 

Plant  Heat  Rate:  Btu/kW-hr 

8979.7 

9,128.1 

Notes:  (1)  Performance  of  ETF  plant  with  Regenerative  Combustor  Cooling  is 

based  on  coal  input  parameters,  oxygen  flow  rate,  and  oxygen 
content  shown  on  System  Heat  and  Mass  Balance,  Drawing 
No.  8270-1-5*40-314-001. 


(2)  Performance  of  ETF  plant  with  Regenerative  Combustor  Cooling 
can  be  Improved  by  optimizing  input  and  performance  parameters. 

(3)  Excluding  compressor  and  BFP  power. 
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TABLE  2 


MAJOR  STATE  POIHT  CHANGES 
TOPPING  SIDE  (MHD  GENERATOR) 
WITH  REGENERATIVE  COMBUSTOR  COOLING 


Ch^  ige  Relative 
to  Reference 


Reference  ETP 
Plant  (CDER) 

ETF  Plant  With 
Regenerative 
Combustor  Coolinx 

ETF  Plant 
(♦  Increase) 
(-  Decrease) 

MHD  Power  Train 

1 . Combustor 

Ojcidant  Preheat 
Temperature, 

1,100 

778 

-3220F 

Discharge  Temperature, 

'1, 380 

4,270 

-HOOF 

Discharge  Pressure,  psia 

66 

56 

-15.2$ 

2.  Channel 

Power  Output,  MWe 

87.1 

76.1 

-12.6$ 

Heat  Loss,  MWt 

22.9 

19.6 

-14.4$ 

Oxidant  Supply 

Oxidant  Compressor 
Discharge  Pressure,  psia 

72.8 

61.1 

-16.1$ 

Oxidant  Compressor 
Discharge  Temperature,  °F 

433 

384 

-49OF 

Power  Input  for 
Oxidant  Compressor,  MWe 

23.4 

20.5 

-12.4$ 

HR/SR 

1.  Radiant  Boiler 
Heat  Load,  MWt 

141.0 

175.1 

i>24.1$ 

Gas  Temperature  Change 
Across  Boiler,  At,  °F 

1,343 

1,632 

♦2890F 

Feedwater  Inlet 

637 

585 

-520F 

Temperature,  °F 
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TABLE  2 (Cont’d) 


Reference  ETF 
Plant  (CDER) 

ETF  Plant  Witn 
Regenerative 
Combustor  Cooling 

Change  Relative 
to  Reference 
RTF’  Plant 
(•e  Increase) 

(-  Decrease) 

Afterburner 

Flame  Temperature, 

2,400 

2,245 

-155°F 

Flue  Gas  Recirculation 
Flow,  Ibm 
hr 

Superheater 

105,671 

0 

-100S 

Heat  Load,  MVt 

107.9 

110.9 

♦2.8Y 

Gas  Temperature  Change 
Across  Superheater,  Wt,  ^ 

807 

953 

♦146®F 

Gas  Mass 
Flow,  Ibm 
hr 

Reheater 

1,357,352 

1,251,682 

-7.8S 

Heat  Load,  MWt 

55.2 

56.8 

♦2.9JI 

Gas  Temperature  Change 
Across  Reheater,  Wt,  ®F 

488 

542 

♦54°F 

Gass  Maiss 
Flow,  Ibm 
hr 

High  Temp.  Economizer 

1,357,352 

1,251,682 

-7.8J 

Heat  Load,  MWt 

28.6 

26.3 

-8. OS 

Gas  Mass 
Flow  Rate,  Ibm 
hr 

1,357,352 

1,251,662 

-7.8S 
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TABLE  3 


Reference  ETF 
Plant  (CDER) 

ETF  PUnt  Vlth 
Regenerative 

Combustor  Coolinx 

Change  Relative 
to  Reference 
ETF  Plant 
(<•>  Increase) 

(-  Decrease) 

Main  A Reheat  Steam  System 

Steam  Flow  to  High 
Pressure  Turbine,  Ibm 
hr 

1,070,992 

1,100,794 

4>  2.B% 

Steam  Plow  to  Oxidant 
Compressor  Drive  Turbine,  Ibm 

hr 

190,220 

166,027 

•12.7% 

Steam  Flow  to  Reheat 
Turbine,  Ibm 
hr 

678,800 

730,686 

* 7.6% 

Turbine-Generator 
Output,  MWe 

128.0 

135.3 

* 5.7% 

Boiler  Feedwater  System 

Main  Feedwater 
Flow,  Ibm 
hr 

1,070,992 

1,100,794 

* 2.6% 

Condensate  System 

Deaerator  Pressure,  psia 

15 

19 

*26.7% 

Feedwater  A t Across 
Deaerator,  °F 

112 

124 

♦ 120F 

Extraction  Steam  Flow 
to  Deaerator,  Ibm 
hr 

68,120 

80,981 

♦18. 9f 
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TITl£;  Operational  Coata  of  the  BTF 
SCOPE; 

Operating  ard  maintenance  (O&H)  ooata  of  the  ETF  during  ita  ooonerolal  phaae 
of  operation  were  calculated.  Theae  coata  were  derived  from  O&M  ooata  for 
new,  coal-fired  conventional  power  planta  and  theae  in  turn  were  adjuated  in 
accordance  with  the  anticipated  influence  of  Hagnetohydrodynamio  (HHD) 
aubayatema  and  interfacea.  Major  MHD  equipment  reviewed  were:  channel, 

coobuator,  and  magnet.  Seed  and  fuel  coata  were  eatimated  aeparately* 

FINDINGS ; 


Operating  coat  of  the  ETF,  leaa  fuel  and  need,  when  in  commercial  operation, 
ia  calculated  aa  7.6  milla  per  Kilowatt  hour  in  firat  quarter  1981 

dollara.  Fuel  coata  were  3*59  t-tt.  Seed  coata,  oaaed  on  purchaae  of  KpCO^ 
from  a^Vendor  and  recycle  of  recovered  K2SOJJ  and  reaale  of  exoeaa  K2SOJ1  were 

iSh* 


9.32 


RECOWCNDATIOHS; 


Fixed  yearly  operating  coata  and  dollar  coata  to  repair  or  replace  a apeclfic 
component  can  be  eatimated.  Reaultant  unit  coata,  milla  per  kWh,  can  be 
reduced  by  increaaed  production  of  energy  and  by  Inoreaaed  time  between 
failures  of  components.  These  goals  are  compatible;  design  and  construction 
techniques  should  stress  reliability  and  prolonged  duration  of  operation. 
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PROCEDURE; 

A ravlew  of  convent ional  coal  fired  power  plant  OAN  costs  reletlve  to  plant 
sizes  was  nade.  Major  HHD  related  equipment  were  evaluated  individually. 
Yearly  costs  for  Montana  sub-bituminous  ooal  were  oaloulated  based  on  delivery 
costs  of  $0.40  a million  Bti# . Seed  oosts  for  new  potassium  carbonate, 
including  shipping  costs  to  site,  were  obtained  and  the  credit  for  excess 
potassium  sulfate  mixture  at  the  site  deducted. 

DISCUSSION: 

Pertinent  statistical  data  for  determination  of  cost  of  power .^e  not  readily 
available  for  conventional  power  plants.  Published  surveys^***  give 
scattered  data  and,  generally,  insufficient  information  to  provide  direct 
comparisons  with  projected  power  plants.  Using  the  available  data  the 
correlations  are  presented  in  Table  1 which  shows  normalized  capital  plant 
costs  and  maintenance  costs  for  different  plant  sizes  and  Figure  1 which  shows 
the  relationship  of  unit  power  04M  costs  and  plant  costs  as  a function  of 
plant  size.  The  ratios  used  follow  analytic  expectancies  since  actual  data  do 
not  support  a well  defined  trend  envelope.  All  oosts  have  been  normalized  by 
assigning  unity  to  the  400  MNe  plant  (dividing  all  values  by  the  analogous 
value  calculated  for  the  400  MWe  plant).  For  coal  fired  conventional  power 
plants  the  400  MW  capacity  range  is  a transition  for  economy  of  scale; 
benefits  diminish  for  higher  ratings. 


TABLE  1 

NORMALIZED  PLANT  COST  AND  QAM 


COST  AS 

A FUNCTION  OF 

PLANT  SIZE 

Plant 

Size 

MW 

Plant  Capital 
Cost 
($) 

Plant  Unit 
Cost 
($/kW) 

O&M 

($/yr) 

O&M 

Unit  Cost 
m/kWh 

50 

0.233 

1.36 

0.25 

2.0 

100 

0.365 

1.46 

0.425 

1.7 

200 

0.65 

1.3 

0.7 

1.4 

400 

1.0 

1.0 

1.0 

1.0 

800 

1.7 

0.85 

1.4 

0.7 

1,000 

2.0 

0.8 

1.75 

0.7 

Planned  and 

scheduled  04M  costs 

average  about 

twice  the  costs 

of  forced 

outage  O&M  costs.  Planned  0 & M costs  include  wages  of  operating  personnel 
whose  number  is  estimated  for  the  continuous  operation  plus  a reserve  to 
handle  the  peaks  incurred  during  breakdowns  or  disruptive  operating 
conditions.  The  trend  for  number  of  operating  employees  is  increasing  with 

• Montana  Power  Co.  averaged  $0.30  a million  Btu  in  1978  (Steam  Electric 
Plant  Factors,  1979) 

••  Numbers  refer  to  References 
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plants  ooBlng  on  line  but  the  variation  is  large.  For  Class  IX  coal  fired 
plants  (500  to  999  MW)  listed  manpower^  ranges  froa  61  to  385.  For  the  20 
coal  fired  facilities  submitting  data,  ranging  in  aite  from  300  MW  to  over 
2,000  MW,  the  manpower  extremes  were  6l  and  385;  median  was  178;  naan  was  196. 
For  the  commercial  operation  of  the  ETF  an  estimated  121  operating  employees 
would  be  needed,  apportioned  as  follows: 


Supervision  22 
Operators  30 
Maintenance  35 
Fuel,  Ash  & Seed  Handling  8 
Clerks,  Laborers  14 
Guards  12 

Total  121 


A manpower  loading  for  the  ETF  concept  as  a test  facility  has  been  made  by 

At  full  operation  they  show  a complement  of  238  personnel.  About  60  of 
those  would  be  included  under  administrative  and  general.  The  remainder, 
nominally  180,  are  within  the  range  between  minimum  and  maximum  which  could  be 
utilized  by  a dual  oycle  plant.  Wages  of  the  121  operating  personnel, 
estimated  in  this  report,  are  included,  prorated,  in  the  O&M  costs  shown  for 
plant  systems. 

To  obtain  data  for  a specific  Montana  siting,  operating  statistics  for  Montana 
Power  Company  Plants  were  reviewed.^  Plants  Included  were  Bird,  primarily  gas 
fired  with  a 69  MW  rating,  and  Colstrlp  and  Corette,  primarily  coal  fired  with 
ratings  of  717  and  172  MW  respectively.  Total  steam  power  production  expenses 
were  $8.8  (10®)  in  1978  dollars,  excluding  fuel  costs.  For  a 65  percent 
capacity  facto**,  this  Is  1.6 

6.8  (10^)  mills  , 

0.65  (69+172+717)  10-*  KW  x 8760  hr  ‘ rSr 

Using  Figure  1 the  weighted  average  O&M  factor  for  the  three  conventional 
plants  would  be  0.963.  This  compares  to  a factor  of  1.4  for  a conventional 
200  MW  plant.  Using  the  ratio  of  1.4  to  0.963  and  inflating  to  first  .«uarter 
1981  dollars  gives  a value  of  2.9  -r^  for  an  ETF  sized  plant  based  on  past 
operating  data. 

For  dual  cycle  MHD/steam  power  plants  there  are  no  statistical  data.  Economic 
studies  are  Influenced  by  uncertainties  In  undemonstrated  hardware. 

Commercial  evaluations  require  Judgment  which  may  vary  with  different 
Investigators.  Equipment  factors  considered  for  this  report  are: 

Channel 

A channel  is  expected  to  be  repaired  and  replaced  3.4  times  per  year  at  cost 
of  $520(10^)  per  replacement  (nine  replacements  and  a 50  percent  salvage  of 
parts).  This  Includes  the  191  man-hours  for  channel  removal  from  and 
replacement  to  Its  operating  position.  (Refer  to  sub-task  306-2,  , 

Channel  Replacement  for  details)  Total  O&M  cost  per  year  Is  $1.8(10®), 
equivalent  to  1.5 


NORMALIZED  UNIT  POWER  COST  OlM 
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FIGURE  1 

COMPARISON  OF  NORMALIZED  OlM  COSTS  AND 
PLANT  COSTS  AS  A FUNCTION  OF  PLANT  SIZE 


NORMALIZED  PLANT  COST 
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Magnet 

Design,  construction  and  operating  survelllanoe  of  the  magnet  will  be  in 
accordance  with  prescribed  code  requirements  for  commercial  operation. 

Failure  of  the  magnet  under  operating  loads  could  cause  considerable  damage  to 
adjacent  areas  of  the  plant.  When  constructed  in  compliance  with  established 
standards,  warm-up  and  full  inspection  and  replacement  of  modules  is  assumed 
every  eight  years  (analogous  to  generator  stator  overhaul).  Outagegtlme  for 
the  ETF  magnet  presently  defined  would  be  3 months  and  cost  $8.0(10^).  An 
additional  $600(10^)  per  year^would  be  expended  on  magnet  support  systems. 
Total  04M  per  year  is  $1.6(10°)  or  1.M 

Inversion  - Consolidation 

Large  size  Inverters  used  for  dc  transmission  line  application  have 
demonstrated  good  reliability.  Consolidation  circuitry,  because  of  the  large 
quantity  of  smaller  items  of  equipment  (reliability  is  a function  of  size) 
will  have  more  severe  maintenance  requirements.  Inverter  Q&N  is  estimated  at 
$240(10^)  per  year,  and  consolidation  circuitry  at  $480(10^).  Total  yearly 
04M  costs  of  $720(10^)  is  equivalent  to  0.6 


Combustor 


Combustor  maintenance  costs  are  considered  analogous  to  boiler  plant  equipment 
costs  and  are  taken  as  4 percent  of  combustion  system  capital  costs  (See  HR/SR 
below).  04M  costs  per  year  are  $520(10^)  or  0.45 

Heat  Recovery/Seed  Recovery  System  (HR/SR) 


Boiler  plant  04M  amounts  to  abc  t 3.8  percent  of  boiler  system  capital  costs. 
These  costs  include  60  to  70  percent  of  conventional  plant  maintenance  costs. 
ETF  modifications  for  wet  bottom,  reducing  atmospheres  and  seed  environment 
introduce  additional  maintenance  requirements.  These,  however  are  gffset  by 
the  absence  of  a scrubber. 


Yearly  04M  costs  are  estimated  at  $3(10°)  or 


The  specific  systems  reviewed  represent  about  50  percent  of  facility  capital 
costs.  Their  combined  04M  unit  costs  in  mills  per  Kilowatt  hour  are: 


Channel 

1.5 

Magnet 

1.4 

Inversion-Consolidation 

0.6 

Combustor 

0.45 

HR/SR 

2.6 

6.55 

The  balance  of  plant  systems  include  lower  maintenance  items  and  reflect  1/2 
of  the  total  plant  cost.  Using  the  value  of  2.9  generated  for  an  entire 
ETF  sized  plant  as  a base,  the  value  was  multipliea  by  2/3  to  pertain  to  low 
04M  items  and  by  1/2  since  only  1/2  the  plant  is  included.  This  gives  an 
incremental  04M  of  about  1 and  adds  up  to  a total  ETF  04K  of  7.6  -j^. 
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Cost  of  fuel  for  the  ETP  is: 

" ' ' “ ® ^ ‘ 5® 

where 

F s unit  fuel  cost  s $0.40  per  10^  Btu 

Q s plant  heat  rate  s 8,972 

Cost  of  seed  for  the  ETF  is: 


Co  = Cost  of  (includes  $21  per  ton  shipping  charges 

at  $0.07  per^ton  mile) 

Cs  s Value  of  reclaimed  "seed"  on-site  s $50  oer  ton 
P = Plant  rating  = 202350  kW 
SC  : Seed  cost 

Rc  = Use  rate  of  KgCO,  per  full  load  hour  s 7,992  lb 
Rs  = Reclaim  rate  of  "seed"  per  full  load  hour  s 11,797  lb 


SC  = 


Cc  X Rc  Cs  X Rs 


iq3  i 


X 7,992  ^ X 11,797  — 

Ton  hr  Ton  hr 


202,350  kW  X 2,000  ^ 
Ton 


X lo^a 


9.32 


m 

kWh 


Note  that  use  of  K2C0^  as  a seed  removes  sulfur  upstream,  eliminating  need  for 
a scrubber.  In  a conventional  coal  fired  plant  plant,  the  effects  of  capital 
costs  of  a scrubber  and  the  operating  costs  of  power  and  chemicals,  plus 
maintenance  of  the  scrubber  and  necessary  sludge  handling  and  storage,  are 
comparable  to  the  seed  cost  effects  on  total  cost  of  power. 
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TITLE;  Pre-Operatlonal  Testing  of  FflD  ETF  Topping  Cycle  Ccoponenta 
SCOPE; 

The  objectives  of  this  special  engineering  study  are  to  Identify  the 
pre-operatlonal  test  requirements  for  the  IfID-ETT  topping  cycle  and  to  assess 
the  capability  of  the  plant  to  support  on-site  testing  of  MHD  components  which 
have  been  assembled  at  the  site  and  previously  not  tested.  Special  test 
equipment  necessary  to  conduct  pre-operatlonal  tests  of  the  MHD  are  also  to  be 
Identified. 

FINDINGS; 

o Pre-operatlonal  testing  of  the  MHD  power  train  will  likely  not  be 
possible  until  the  topping  cycle  is  ready  for  Integrated  System  (IS) 
tests. 

0 Full  load  testing  of  the  MHD  power  train  will  be  limited  by  startup  and 
operation  c'  the  Air  Separation  Unit  (ASU)  and  oxidant  compressors. 

These  subsystems  in  turn  are  limited  by  steam  generation  in  the  bottoming 
plant.  Therefore,  full  load  testing  of  the  MiD  power  train  cannot  occur 
until  initiation  of  Combined  Plant  Integrated  System  (CPIS)  tests. 

o To  conduct  integrated  system  tests  of  the  topping  cycle  independent  of 
the  bottoming  plant,  an  exhaust  by-pass  subsystem  is  required  which  will 
divert  the  diffuser  exhaust  gas  to  a quench  duct.  The  system  will 
include  a scrubber  and  an  Induced  Draft  (ID)  fan.  The  existing  stack 
will  be  utilized. 

0 The  vitiation  air  heater  which  will  be  used  for  plant  startup  sequences 
will  also  be  necesseu'y  for  IflD  IS  and  CPIS  testa. 

RECOMMENDATIONS ; 

To  avoid  an  extended  pre-operatlonal  test  schedule  and  to  minimize  technical 
and  start-up  risks,  it  is  recommended  that  MHD  power  train  and  the  steam 
bottoming  plant  undergo  parallel  and  basically  independent  pre-operatlonal 
testing.  To  accomplish  this  Independent  pre-operatlonal  testing,  Special  Test 
Equipment  (STE)  to  be  required. 

0 Independent  pre- operational  testing  of  the  MHD  power  tradn  will  require 
the  installation  of  an  exhaust  by-pass  system  which  is  currently  not 
Included  in  the  ETF  design. 

0 Independent  pre-operational  testing  of  the  bottoo'ing  plant  will  require 
an  auxiliary  burner  system  for  the  Heat  Recovery/Seed  Recovery  (HRSR) 
system  which  is  currently  not  included  in  the  ETF  design. 

o An  assessment  of  the  cost  amd  benefits  of  independent  pre-operational 
testing  of  the  HID  topping  cycle  and  the  steam  bottoming  cycle  will 
require  more  detailed  evaluation  and  study  of  the  test  program. 
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PROCaPURE; 

The  date  for  this  engineering  study  was  developed  by  integrating  information 
obtained  from: 

o Engineering  design  data  being  prepared  by  QAI  for  the  MHD  ETP  Conoeptual 
Design  Engineering  Report^ 

o Previous  GAI  experienoe  with  oonventional  power  plant  pre- operational 
test/ startup  procedures  and  schedules. 

o Published  data  on  the  CDIP  startup  and  acceptance  plan2,3 

o Published  data  on  the  CDIF  hardware  checkout  plan^ 

o Engineering  design  data  prepared  by  OAI  for  the  HHD  ETP  Design 
Requlraaents  Doouoent^ 

DISCUSSION: 

A.  Introduction 

During  the  construction  and  startup  phase  of  the  ETF,  a series  of 
pre-operatlonal  tests  will  be  conducted  to  ensure  that  all  components  and 
systems  will  perform  according  to  engineering  specifications  and  can  be 
operated  safely.  The  pre-operational  tests  to  be  conducted  will  be 
similar  in  scope  and  intent  as  those  performed  for  a oonventional  coal 
fired  power  plant.  However,  for  the  ETP,  it  will  be  necessary  to  define 
additional  specific  pre-operatlonal  test  requirements  for  HHD  topping 
cycle  components. 

Many  pre-operatlonal  tests  to  be  performed  for  topping  cycle  components 
will  be  done  in  parallel  with  or  subsequent  to  other  subsystem  or 
auxiliary  tests.  Therefore,  it  is  necessary  to  consider  pre-operational 
testing  of  the  entire  plant  on  an  integrated  basis  in  order  to  obtain  an 
overall  perspective  of  the  MHD  components  will  fit  into  the  total 
test  schedule.  An  examination  of  the  pre-operatlonal  test  requirements 
for  the  entire  plant  is  beyond  the  soope  of  work  for  the  present  study. 
However,  a generic  constructl on/start-up  schedule  for  the  ETP  has  been 
assumed  and  is  used  for  descriptive  purposes. 

A simplified  generic  construction/start-up  schedule  assmed  for  the  ETP 
is  given  in  Figure  1.  Pre-operationcd  testing  of  the  MHD  topping  cycle 
is  shown  to  occur  in  parallel  with  pre-operatlonal  testing  of  the 
bottoming  plant.  In  each  of  these  parallel  schedules  there  are  four 
types  of  operational  tests  to  be  conducted:  Construction  Component 

Checkout  (CCC)  Tests,  System  Operation  (SO)  Tests,  Integrated  System  (IS) 
Tests  and  Combined  Plant  Integrated  System  (CPIS)  Tests.  Definitions  and 
terminology  used  in  this  report  are  Included  in  Appendix  A attached  to 
this  report. 
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FIGURE  I 

GENERIC  PRE -OPERATIONAL  TEST  SCHEDULE  FOR  ETF 
DURING  CONSTRUCT  I ON/START-UP  PHASE 
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Briefly,  the  CCC  tests  are  oarrled  out  by  the  oonstruotlon  oontraotor  at 
the  end  of  the  oonstruotlon  phase  of  the  plant  and  prior  to  turn-over  of 
the  facility  to  the  plant  operator.  In  general,  thee*  tests  are  not 
extensive,  their  primary  purpose  is  to  assure  that  the  installation  and 
oonneotion  to  oonponents  are  in  oonforaano*  with  the  drawings  and 
taohnlcal  speoifioations.  During  the  CCC  tests,  major  oomponents  are  put 
into  a state  of  readiness  to  allow  for  perforaanoe  verifloation  under 
subsequent  SO  tests. 

The  SO  tests  are  performed  by  the  plant  operator  on  individual  systems  to 
verify  that  the  system  is  ready  to  be  put  into  servloe  and  that  the 
system  operates  in  aooordanoe  with  its  teohnloal  specification.  These 
tests  pertain  mainly  to  facility  systems  rather  than  power  train  systems. 
SO  tests  for  MHD  support  auxiliaries  will  be  oonducted;  however,  it  is 
not  anticipated  that  component  testing  of  MID  systems  will  be  oonducted 
during  SO  teat  sequences. 

The  IS  tests  are  performed  by  the  operator  on  groups  of  interdependent 
facility  and  power  train  systems  to  ensure  they  can  perform  certain 
functions.  These  teats  determine  performance  envelopes  for  the 
interrelated  systems.  During  IS  testing,  cold,  warm  and  hot  runs  of  the 
MHD  flow  train  will  be  made  Independently  of  bottoming  cycle  operation 
via  a by-pass  duct  located  at  the  Mfl)  transition  section. 

The  CPIS  tests  will  be  performed  by  the  operator  subsequent  to  completion 
of  both  the  topping  cycle  and  the  bottoming  cycle  IS  tests.  During  the 
CPIS  tests,  the  plant  will  be  run  in  a combined  topping  cycle/ bottoming 
cycle  mode,  with  cold,  war^  and  hot  startup  procedures  being  utilized  ais 
appropriate.  Upon  completion  of  the  CPIS  tests,  the  plant  will  have  a 
Facility  Power  Demonstration  (FPD)  which  is  an  integral  part  of  the  plant 
commission! ng. 

A review  of  pre-operation  test  requirements  for  MHD  topping  cycle 
components  indicates  that  MiD  systems  including  the  combustor,  nozzle 
channel,  diffuser,  magnet  and  Inverter  will  not  undergo  shakedown  and 
testing  until  the  plant  is  ready  for  Integrated  System  (IS)  tests.  The 
present  study  therefore  .ocuses  on  the  IS  tests  for  the  MHD  power  train. 
However,  the  auxiliary  systems  SO  tests  required  prior  to  conducting  the 
IS  tests  are  also  briefly  highlighted.  Some  of  the  SO  and  IS  tests 
necessary  for  the  MID  topping  cycle  are  also  be  required  for  the 
bottoming  plant.  Therefore,  interaction  of  the  test  requirements  for 
both  the  topping  cycle  and  bottoming  cycle  is  conceptually  depicted  by 
the  dashed  lines  in  Figure  1.  The  tests  which  have  been  identified  and 
which  will  be  described  in  this  report  are  shown  by  the  shaded  areas  in 
Figure  1. 

MHD  Power  Train  Auxiliary  System  Operation  (SO)  Teats 

SO  tests  of  the  MID  components  will  not  be  conducted;  however,  SO  tests 
of  auxiliaries  and  major  subsystems  will  be  necessary  prior  to  initiating 
MID  IS  tests. 
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Suteoqumt  to  turn-over  of  the  faoillty  by  the  oonatruotor  to  the 
operator,  faoillty  SO  teata  ahould  be  run  by  the  operator  to  aaaure  the 
perforaanoe  of  ooaponenta  aatlaflea  enflnaerlnt  apeolfloatlona.  The  teat 
prooedurea  will  be  the  reaponalblllty  of  the  operator.  The  Intent  of 
theae  teata  will  be  to  verify  perforaanoe  of  faoillty  equlpaent,  e.g: 
puap  flow,  preaaure,  R.P.H.,  eleotrlo  aotor  ape,  volte,  R.P.M., 
ooapreaaor  flow,  preaaure  taperature,  IltC  oallbratlona , eto.  The 
sequenoe  of  these  tata  will  atart  with  the  baalo  facility  atand-alone 
ayatens  auoh  aa  facility  water  aervloe,  eleotrlo  aervloe,  eto.,  and 
pt'ooeed  to  acre  ooaplex  ayataa  whloh  are  dependent  on  the  operation  of 
one  or  aore  other  ayateoa  (e.g.,  auxiliary  ateaa  la  dependent  on  plant 
water  service,  fuel  oil  distribution  and  plant  eleotrlo  aervloe).  The 
following  syateois  will  undergo  SO  testing,  and  the  sequenolng  of  thwe 
tMta  are  depleted  In  Figure  2. 

0 Plant  Maste  Water  Servloe 
0 Plant  Eleotrlo  Servloe 
0 Plant  Air  Servloe 
0 Fuel  Oil  Distribution 

o Instnxnentatlon  and  Controls  for  Central  Control  Roan 
o Data  Acquisition  Systea 
o Ma^iat  DC  Supply 
0 Pumps  (Eleotrlo  Drive) 

0 Inverter  Interconnect  Cabling 
o Slag  Collection  and  Removal 
o Cooling  Water  System 
o Auxiliary  Steam  System 
o Air  Separation  Unit 
o Oxygen  Compressor 
o Oxidant  Compressor 
0 Feed  Water  Pump 
o Nitrogen  Storage 
I 0 Oxygen  Storage 
0 Coal  Material  Handling 
0 Coal  Crusher 
0 Coal  Predrying 

0 Coal  Pulverising  A Drying  System 
, 0 Coal  Injeotlon  System 
' 0 Seed  Material  Handling 
o Seed  Injection  System 
0 Exhaust  By-Pass  System 

ETF  Integrated  System  Tests 

After  completion  of  SO  tests,  and  the  faoillty  support  systems  have  been 
determined  to  be  operating  within  apeolfloatlona,  Integrated  System  (IS) 
Teats  of  the  MHD  flow  train  oan  be  Initiated.  These  teats  encompass  the 
oomblned  operation  of  Interrelated  faoillty  systems,  MID  power  train 
support  equipment,  MHD  power  train  oomponenta,  and  MHD  power 
traln/faolllty  operation.  Test  apeolfloatlona  and  test  prooedurea  for 
this  aeries  of  tests  will  be  the  responsibility  of  the  ETF  operator. 
Independent  sets  of  IS  tests  will  be  run  for  both  the  IK)  power  train  and 
the  bottoming  plant. 


US  n-rus 

STSTm 


MOURE  2 

ETF  PRE-OfEMflOlUL 
SYSTEM  OPERATING  TEST  SEQUENCE 
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Suonary  deacriptions  of  the  Integrated  System  (IS)  test  for  the  tffl)  flow 
train  are  given  below  and  their  sequence  is  depicted  in  Figure  3. 

Data  Acquisition  System  Teat;  This  teat  will  verify  the  operational 
integrity  of  the  enti’-e  Data  Acquisition  System  from  the  calibration  of 
the  test  data  source,  through  the  various  electronic  devices,  to  computer 
display  and  storage  of  data.  This  test  will  include  checking  all  sensing 
devices,  alarm  systems,  displays,  digital  output  and  computer  functions 
for  accurate,  acceptable  operation.  Subsequent  to  this  the  DAS  will  be 
utilized  in  all  1ST  tests. 

Magnet  System  Test;  The  magnet  power  supply  will  initially  be  checked 
out.  Transformer,  rectifier  and  associated  equipment  will  be  checked  to 
ensure  proper  operation,  calibration,  phasing,  system  protection, 
polarity,  and  voltage  and  current  levels. 

Subsequent  to  this  the  magnet  cryogenic,  vacuun,  and  I&C  subsystems  will 
be  individually  tested  for  proper  operations.  Upon  successful  completion 
of  these  checkouts,  total  magnet  operation  will  be  tested  by  initiating 
cool  down  to  the  proper  level  followed  by  a step-wise  sequence  of 
charging  and  recharging  the  magnet  until  full  magnet  field  strength  Is 
obtained. 

Feed  Water/Auxiliary  Steam/ Cool ir.g  Water  Test;  The  channel/ diffuser 
cooling/feed  water  systems  will  be  tested  using  hot  water  from  the 
auxiliary  steam  plant.  System  flow,  pressure  ranges  emd  water  purity 
will  be  checked  against  system  specifications. 

ASU/Oxidant  System  Test:  Air  for  cold,  warm  and  hot  flow  testing  cf  the 

^f^D  power  train  will  be  provided  by  the  motor  driven  oxidant  compressor 
which  is  rated  at  50  percent  of  full  load  capacity.  Oxygen  for  the  MHD 
IS  tests  will  be  provided  by  trucked-ln  supplies  of  liquid  02* 

Performance  capabilities  of  the  oxidant  compressor  and  ASU  delivery 
system  over  various  ranges  of  pressures  euid  flows  will  be  determined. 
Blend  air  will  be  vented  to  the  atmosphere  as  necessary. 

Coal  Handling,  Processing,  and  Delivery  System  Test;  The  test  will 
verify  the  required  rates  of  transferring  and  handling  coal  from  railroad 
unloader  to  the  coarse  crusher  hopper,  processing  it  to  prepared  coal 
storage,  and  finally  injecting  coal  from  prepared  coal  storage  to  the 
combustor  injection  piping  interface.  Key  parameters  to  be  checked  and 
monitored  are  inerting  nitrogen  flow  and  pressures,  oxygen  content,  coal 
particle  size,  coad  flow  rate  measurement  accuracy,  and  coal  injection 
density.  Associated  alarms,  switches,  indicators,  relief  valves, 
interlocks,  and  controls  will  be  checked. 

Integrated  Combustor  Feed  Test;  All  feed  systems  to  the  combustor  will 
be  tested  simultaneously.  Flow  rates  and  pressures  will  be  validated. 
Operation  of  interdependent  controls,  interlocks,  and  instrumentation 
will  be  verified  for  startup  and  shutdown. 

Exhaust  Bypass  and  Integrated  Combustor  Feed  Test;  This  test  will  be  a 
continuation  of  the  previous  test  with  the  addition  of  the  operation  of 


im  tcMisiTieN 
in 

CIHIlil  ntiTtoi 


Engineering  Study  306(2) 
Page  9 of  12 


the  exhaust  quench,  scrubber  and  ID  fan.  The  capability  of  the  exhaust 
bypass  to  quench  and  scrub  particulate  matter  from  the  gas  stream  will  be 
verified.  All  mechanical  systems  will  be  checked  for  correct  operating 
sequence  during  startup  and  shutdown  simulations. 

Combustor  Cold  Flow  Tests;  With  the  coal  fired  combustor  in  place, 
various  flows  of  unheated  oxidant  up  to  maxlmuD  flow  will  be  run  through 
the  combustor  and  the  exhaust  bypass  subsystem.  Leak  Integrity  will  be 
checked  as  well  as  pressures,  flows,  and  I&C  operation. 

Combustor  Warm  Flow/Slag  System  Test;  This  test  will  demonstrate  startup 
and  shutdown  procedures  for  the  coal  combustor.  Startup  will  be 
demonstrated  using  the  vitiated  air  heater.  Since  this  1s  the  initial 
combustor  startup,  oxygen  will  not  be  used.  This  test  will  familiarize 
the  operators  with  startup  emd  shutdown  procedures.  The  test  should 
exercise  the  majority  of  combustor  feed  systems  and  demonstrate  their 
physical  Integrity  as  well  as  their  control  functions.  Proper  operation 
of  the  slag  removal  system  will  be  demonstrated. 

Power  Interconnect  Cable  Test:  This  test  will  validate  all  electrical 

power  cable  hook-ups  to  the  channel  and  all  instrunentation  and  control 
lead  connections. 

MHD  Power  Traln-Non  Power  Test:  This  test  will  Initially  check  out  the 

use  of  oxygen  In  the  coal  combustor.  A range  of  stoichiometries  will  be 
examined.  Controllability  of  varying  airflow  and  oxygen  flow  will  be 
determined.  Optimum  combustor  performance  will  be  determined  as  a 
function  of  temperature  and  pressure  measurement.  Channel  plasma 
conductivity  will  be  mapped  by  Imposing  a current  across  the  channel 
electrodes.  Heat  flux,  slagging  characteristics  and  cooling  system 
functioning  will  be  determined. 

Inverter  System  Test:  This  test  will  validate  inverter  performance, 

integrity  and  controllability.  Steady  state  and  transient  operations 
will  be  covered. 

MHD  Power  Train  Power  Test:  This  test  will  validate  the  Integrated 

operation  of  the  facility  support  systems  and  the  HID  power  tradn.  This 
test  will  demonstrate  the  physical  integrity  of  the  system  and  will 
verify  the  operation  of  the  interdependent  control  systems.  It  will  also 
provide  the  ability  to  make  any  necessary  calibrations  and  adjustments  to 
the  control  ^ystem  and  its  feedback  loops.  This  teat  will  include  a 
parameter  study  of  pressures,  temperatures,  heat  losses  and  transient 
response  as  a function  of  flow  rates. 

Special  Test  Equipment  Requirements  for  MHD  Power  Train  Testing  in  an  ETF 

The  ETF  Design  Pequirements  Document  (DRD)5  does  not  provide  any 
requirements  for  testing  the  MHD  power  train  independent  of  the  steam 
bottoming  plant.  To  accomplish  this  testing,  several  major  equipment 
subsystems  have  been  identified  which  are  required  to  be  altered  or  added 
to  the  ETF  design.  This  equipment  will  be  called  Special  Test  Equipment 
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(STB),  since  their  uae  or  total  oapaoity  will  not  be  required  for  normal 
BTP  operation.  The  major  STB  required  for  MHD  power  train  testing 
separate  from  the  steam  bottoming  plant  are  as  follows: 

0 An  exhaust  by-pass  and  quenoh  subsystem  to  divert  the  diffuser 
exhaust  gas  to  a quenoh  duot.  The  system  will  include  a scrubber 
and  an  ID  fan.  The  existing  stack  will  be  utilised. 

o A feed  water  by-pass  to  divert  feed  water  from  the  diffuser/ 
transition  sections  directly  to  the  condenser  with  appropriate 
throttling. 

o A vitiated  air  heater  to  be  employed  only  for  HHD  power  train 
start-up  and  testing. 

As  the  BTP  design  matures  and  planning  for  testing  becomes  more 
definitive,  the  requirements  for  other  STB  will  most  likely  become 
evident.  These  requirem^ts  should  be  included  in  future  revisions  of 
the  DRD  and  need  to  be  incorporated  into  the  design  process. 

REFERENCES: 

1.  MHD  ETF  Conceptual  Design  Engineering  Report,  prepared  by  Gilbert/ 
Cononwealth  for  NASA  LeRC  under  contract  DEN  3-224,  dated  March  1981. 

2.  "CDIF  Startup  and  Acceptance  Test  Plan",  prepared  by  the  Montana  Energy 
and  MID  Research  and  Development  Institute  for  DOE  under  contract 
AC07-78-ID-01745,  Report  No.  2DOE-M1D-D56. 

3.  "CDIF  Facility  Startup  and  Acceptance  Test  Plan",  prepared  by  the  Montana 
Energy  and  MID  Research  and  Development  Institute,  dated  27  Dec  1976. 

4.  "Test  Train  Components  & Interface  Hardware  Checkout  Plan,  CDIF/M1D  Test 
Train  1A,"  prepared  by  the  Westinghouse  Electric  Corporation  for  DOE 
under  contract  EF-77-C-01-2612,  Report  TME-2918,  Nov  30,  1978  Revision  C. 

5.  MHD  Engineering  Test  Facility  Design  Requirements  Docment  (DRD), 
prepared  by  Gllbert/Commonwealth  for  DOE  and  NASL  LeRC,  Report  DOE/NASA/ 
2674-80,  March  1981. 
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APPENDIX  A 

DEFINITIONS  AND  TERMINOLOGY 


CoBbined  Plant  Integrated  Syatea  (CPIS)  Teats;  Upon  ooopletion  of  independent 
IS  tests  for  the  Iffl)  power  train  and  the  bottooing  plant,  CPIS  tests  will  be 
performed  by  the  operator  to  determine  the  performance  envelopes  for  the 
combined  plants.  Cold,  warm  and  hot  flow  test  sequences  of  the  plant  will  be 
run  and  startup/shutdown  procedures  will  be  evaluated  prior  to  the  Facility 
Power  Demonstration. 

Construction  Component  Checkout  (CCC);  These  are  tests  that  are  performed  by 
the  Construction  Contractor  prior  to  turn-over  of  the  facility  to  the 
operator.  The  purpose  of  these  tests  is  to  assure  that  the  installation  and 
connections  to  components  are  in  conformance  with  the  drawings  and  technical 
specifications,  and  to  assure  readiness  of  the  equipment  for  performance 
verification. 

Construction  Contractor;  A construction  engineering  firm  which  has  contracted 
with  the  government  to  construct  the  ETF. 

Facility  Power  Demonstration  (FPD);  The  FPD  is  an  integral  part  of  the  plant 
commissioning,  and  consists  of  verifying  that  the  plant  can  be  started  up  and 
will  operate  according  to  the  rated  design  specifications. 

Integrated  System  (IS)  Tests;  These  are  teats  performed  by  the  operator  on 
groups  of  facility  and  power  trsdn  sytems  that  are  interdependent  to  verify 
they  can  perform  certain  functions.  These  tests  determine  performance 
envelopes  for  the  interrelated  systems. 

Plant  Operator;  A firm  "usually  a Utility"  which  has  contracted  with  the 
government  to  operate  the  ETF. 

Preoperational  Teat;  Component,  subsystem,  system  and  integrated  system  testa 
to  confirm  that  specified  performance  is  met  and  to  define  operating 
envelopes.  These  tests  are  conducted  prior  to  operation. 

Special  Test  Equipment  (STS);  Equipment,  apparatus,  hardware, 
instrumentation,  etc.,  needed  during  testing  of  either  facility  elements  or 
power  train  components.  This  equipment  may  be  needed  to  form  an  interface 
between  power  train  components,  power  train/ facility  components  or  facility 
components. 

System  Operating  (SO)  Testa;  These  are  teats  performed  by  the  operator  on 
individual  systems  to  verify  that  the  system  is  ready  to  be  put  into  service 
and  that  the  system  operates  in  accordance  with  its  technical  specifications. 
These  tests  pertain  mainly  to  facility  systems  rather  than  power  train 
systems. 

Technical  Specification:  A set  of  standards  which  defines  the  characteristics 

and  performance  required  of  facility  components  to  establish  their 
acceptability  for  inclusion  into  a facility  system. 
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APPENDIX  A (Cont'd) 


Teat  Procedure;  A dooment  which  definea  the  apeclflo  object! vea  of  a teat, 
and  detalla  the  atepa  required  to  acooopliah  the  full  invent  of  each  phaae. 

Teat  Specification!  A aet  of  atandarda  which  definea  the  performance  required 
of  facility  and  power  train  ayatema  to  certify  their  capabilitiea  relative  to 
power  train  aupport  requirementa , and  which  aervea  aa  a baaia  for 
eatabliahing  teat  prooedurea. 


5.2.3 


Supplenental  Data 


Supplemental  cost  and  schedule  data  was  provided  by  the  developers  of  the  high 
technology  equipment  for  the  ETP  conceptual  design.  The  data  was  used  to 
develop  the  ETF  cost  estimate  found  in  Section  3.3t  and  is  included  as  the 
following  attachments  to  this  section  of  the  ODER: 

System  Cost/Sohedule  Data 

Magnet  Cost  Estimate,  3/9/61  (2  sheets) 

Manufacturing  and  Installation 
Schedule,  3/2/61  (2  sheets) 


Oxidant  Supply  Lotepro  Cost  Estimate,  3/9/61  (4  sheets) 

Lotepro  Project  Schedule,  3/12-13/61 
(6  sheets) 


MHD  Power  Train  Cost  Estimate,  3/6/61  (6  sheets) 

Manufacturing  and  Construction  Schedule 
(1  sheet) 


HR/SR  Cost  Estimate,  3/6/81  (10  sheets) 

Recommended  Schedule  (1  sheet) 
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Costs  are  K$,  mid  1981 


MTC:  3/9/111 

COST  ESTIMATE  BREAKDOMW*  »ev.  V13/8I 


SCHEDULE  - MAWUFACTUB1N6  AHD  INSTAILATIOW  i 


NOTE:  Schedule  for  conductor  asst»es  that  sample  lot  of  full-scale  conductor  has  been  made  and  ^juallfled  prior  to  start  of  procure«nt  of 

production  quantity. 


SCHEDULE  - mWUFACTURIHG  AHO  INSTALLATIOW 
MHO  - ETF  200  MUe  POWER  PLANT  NAGNET  SYSTEM 


ORIGINAL  PAGE  IS 
OF  POOR  QUALITf 


NOTE:  Schedule  for  conductor  assuoes  that  sample  lot  of  full-scale  conductor  has  been  made  and  qualified  prior  to  start  of  procurement  of 

production  quantity. 


Lotopro  Coat  K;itlm>itu 
Cr*ft^rrr  Oxidant  Supply  System 
ing/| foundations  and  for  Middletown*  U.S.A.  Site 
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Mjr  Comp 

* 

BOA 

Inst 

Cost 

Indir 

Cost 

Contin 

Total 

Cost 

% 

▲ a 

Base  Case 

17,860 

892 

7,310 

2,445 

1,910 

30,417 

\ 

2. 

Variation 

• 1 

13,370 

790 

6,162 

1,858 

1,620 

23,800 

3. 

Variation 

t2 

15,010 

860 

6,460 

2,038 

1,450 

25,818 

m 

* Included  In  BOA  are  all  Interconnecting  piping,  associated  valves  and 
Instrumentation. 
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(d)  DOES  NOT  INCLUDE  FOUNDATIONS,  UNLESS  INDICATED.  TO  BE  PROVIDED  BY  GAI 

(e)  ALL  COSTS  (KS)  CORRECTED  TO  MARCH  19,  1981,  BASED  ON  ESCALATION  OF  7X 
FOR  1977-1979  AIID  12?  FOR  1980-1981 


COST  BACK-UP 


FOR 

SDD-502  MHD  POWER  TRAIN  COST  ESTIMATE 


A.  Ground  Rules 

The  cost  estimate  was  prepared  using  the  following  ground  rules: 

1.  The  cost  estimate  is  based  on  mid  1981  dollars. 

2.  Costs  are  shown  in  thousands  of  dollars. 

3.  The  DOE  Code  of  Accounts  was  used  for  all  cost  estimates.  Costs  are  shown 
for  accounts  317.1,  317.2,  317.4  and  317.6  at  the  account  and  subaccount 
level.  An  estimated  total  cost  is  shown  for  engineering  services  (field) 
for  these  accounts  and  is  identified  separately  as  account  #317. 

4.  Cost  estimate  is  based  on  a common  (Middletown,  USA)  site. 

Cost  elements  identified  with  each  account  and  subaccount  are  identified  as: 

"Major  Components”  are  those  items  which  are  engineered,  designed,  fabricated, 
shipped,  and  in  some  cases  erected,  by  one  supplier. 

"Balance  of  Plant"  items  are  normally  designed,  engineered  and  purchased  by  the 
engineer.  All  material  costs  include  charges  for  delivery  to  the  site. 

The  "Installation"  portion  of  the  direct  cost  includes  wage  costs  for  all 
manual  labor,  foremanship,  and  all  wage  related  benefits  and  costs  mandated  by 
labor  agreement.  Payroll  taxes,  payroll  premium  costs  and  workmen's  compensa- 
tion insurance  costs  are  built  into  the  wage  rate  of  direct  labor  costs.  Also 
included  is  special  construction  equipment  associated  with  certain  civil  work 
items  to  which  the  costs  can  be  charged  directly,  and  also  contractor  fees. 
Auxiliary  labor  for  unloading,  storing,  sorting  materials  and  equipment,  gen- 
eral and  final  cleanup,  and  other  miscellaneous  activities  directly  associated 
with  the  installation  of  the  work  area  are  also  charged  to  the  direct  account. 

"Indirect  Costs"  for  construction  are  those  cost  items  which  include  facili- 
ties, equipment  and  services  that  are  required  to  directly  support  the 
construction  operations,  but  which  cannot  be  conveniently  charged  by  the 
constructor  or  general  contractor  directly  to  a single  estimating  account.  For 
conceptual  estimates,  indirect  construction  costs  are  expressed  as  a percentage 
of  the  direct  cost.  Field  offices  and  temporary  facilities,  transportation, 
safety  equipment,  construction  tools  and  equipment,  expendable  supplies,  non- 
manual  labor,  construction  services  and  testing  contracts,  and  insurance  and 
bonds  are  all  examples  of  indirect  costs. 
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"Contingency”  represents  the  total  contingency  that  has  been  applied  to  each 
line  item. As  Owner  committed  monies  for  purchased  material  and  negotiated 
contracts  proceeds  towards  lOOX  of  total  project  cost,  necessary  contingency 
factors  may  be  reduced  in  a manner  to  reflect  lessened  possibilities  of  unfore- 
seeable circumstances  occurring  before  project  completion.  As  project 
engineering  nears  completion,  estimating  may  deal  with  more  precise  information 
and  can  more  accurately  predict  material  quantities  and  respective  project 
costs.  Items  incorporated  into  contingency  management  considerations  include: 

Design  (but  not  major  scope)  changes 

Market  conditions 

Labor  productivity 

Slate  of  project  definition 

Unreliable  and  noncurrent  estimating  data 

Unpredictable  field  conditions 

Instabilities  of  material  and  labor  markets 

Uncertainties  in  project  timing 

Errors  and  omissions 

Weather 

Short  term  strikes,  walkouts,  and  other  labor  disputes 

Other  unforeseeable  occurences  and  conditions  which  would  delay  or  otherwise 
increase  material  and/or  installation  costs. 

The  contingency  factors  used  in  this  report  reflect  the  above  items  as  well  as 
varying  degrees  of  development  and  uncertainty  for  the  MHD  components.  In  the 
case  of  Balance  of  Plant  (BOP)  structures,  improvements  and  well  defined 
mechanical  systems,  a 10%  factor  is  used.  For  the  higher  technology  compo- 
nents, a factor  of  20X  is  used.  High  technology  items  are  identified  as: 


Account 

TTTTTT 

Combustor 

317.21 

Nozzle 

317.22 

Channel 

317.23 

Diffuser  and  Transition 

317.31-35 

Magnet  Subsystem 

317.42 

Electric  Consolidation  Circ. 

317.61 

Seed  Regeneration  Process 

B.  Basis 

Two  sources  of  cost  data  were  used  in  the  preparation  of  the  cost  equations. 
These  are  identified  as: 
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1.  Cost  Base  #1 
AVCO-ETF 
Mid  1977  ) 

2.  Cost  Base  #2 
AVCO-CSPEC 
Mid  1978  $ 

C.  Method 


AVCO  ETF  Conceptual  Design;  DOE/FE/2614-3,  1979 


Conceptual  Design  Study  of  Potential  Early 
Commercial  MHD  Power  Plant;  DOE/NASA/0051-2, 
NASA  CR-165235,  1981 


1.  Subaccount  costs  in  cost  base  #1  (AVCO-ETF)  and  cost  base  #2  (AVCO-CSPEC) 
were  adjusted  to  mid  1981  dollars  using  the  following  escalation  factors: 

(a)  7%  increase  for  periods  of  1977-1978  and  1978-1979 

(b)  12%  for  periods  of  1979-1980  and  1980-1981. 

2.  Subaccounts  in  cost  base  #1  were  scaled  up  and  the  subaccounts  in  cost 
base  #2  were  scaled  down  to  the  current  ETF  size,  using  the  appropriate 
parameters  and  cost  equations  shown  in  Appendix  A. 

Costs  were  computed  for  subaccounts  317.11,  317.12,  317.13,  317.14, 

317.21,  317.22,  317.23,  317.61  and  317.62  in  cost  base  #1  and  cost  base 
#2,  using  equations  based  on  the  ratio  of  thermal  input  power  and  the 
ratio  of  channel  internal  surface  area.  The  costs  for  subaccounts  317.41 
and  317.42  in  cost  base  #1  and  cost  base  #2  were  computed  using  equations 
based  on  the  ratio  of  MHD  output  electric  power  and  the  ratio  of  channel 
internal  surface  areas. 

Two  equations  were  used  for  each  subaccount  for  checking  and  comparison 
purposes. 

3.  A scaled  cost  for  each  subaccount  was  selected  for  cost  base  #1  and  for 
cost  base  #2.  The  costs  of  high  technology  components  were  increased  by  a 
factor  of  1.4  (subaccounts  317.13,  317.21,  317.22,  317.23,  317.42  and 
317.61). 

4.  Each  subaccount  cost  computed  from  cost  base  #1  was  averaged  with  the 
corresponding  subaccount  cost  computed  from  cost  base  #2,  providing  the 
cost  for  the  ETF  cost  estimate. 

5.  Cost  elements  (major  components,  BOP,  installation,  etc.)  for  each 
subaccount  line  item  were  computed  from  the  total  cost  of  each  subaccount, 
using  the  corresponding  percentage  identified  in  cost  base  #2  (AVCO-CSPEC). 
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APPENDIX  A 


I . Cost  Equations 

A.  Scaled  Cost,  Basis  Ratio  of  Thermal  Power 

1.  . 


Base  Cost 
, Mid  1981 


. /Current  ETFycaling  function 
#1l  / Input,  MWt  \ scaled 

$ ) xl  AVCB-rr 

• \ T nniit 


Input  MWt 


'ubaccount 

cost 


2. 


/Base  Cost  #2\ 
\ Mid  1981  S j 


'Current  ETF\sca1ing  function 
Input,  MWt  \ scaled 

xl  AVtb-CSPEL  I * subaccount 

Input  MWt  / cost 


B.  Scaled  Cost,  Basis  Ratio  of  Channel  Internal  Surface  Area 


1. 


2. 


/Base  Cost  #1 
I Mid  1981  $ 


/Base  Cost  #2\ 
y Mid  1981  $ j 


Current  ETF\scaling  function 
\ scaled 

IETF  I = subaccount 
Ft2  / cost 

'Current  ETF\scaling  function 
Area.  Ft2  \ scaled 

xl  AVCO-CSPEC  j ' subaccount 
,Area,  Ft2  J cost 


C . Scaled  Cost  Basis  Ratio  of  MHD  Electric  Power  Output 


[Base  Cost 
Mid  1981 


r) 


Current  ETFVcaling  function 
Output,  MWp  \ scaled 
17C0'-ETr 
Oucput,  MWe 


= subaccount 
cost 


2. 


[Base  Cost  #2\ 
\ Mid  1931  S j 


Output,  MWp 
AVCU-ETF 
^Output,  MWp^ 

Subaccount  Cost  for  Current  ETF 


'Current  ETFVcaling  function 

scaled 


subaccount 

cost 


/subaccount 
( Cost  Using 
I AVCO-ETF 
yCost  Base  #1, 


(Subaccount  \ 
Cost  Using  \ 
AVCO-CSPEC 
Cost  Base  #2y 


2 


Subaccount  Cost 


II . Parameters  Used  In  Cost  Equations 

A.  Thermal  (Coal)  Input 

1.  Cost  Base  #1  (AVCO-ETF) 

2.  Current  ETF 

3.  Cost  Base  #2  (AVCO-CSPEC) 

B.  Channel  Internal  Surface  Areas 

1.  Cost  Base  #1  (AVCO-ETF) 

2.  Current  ETF 

3.  Cost  Base  #2  (AVCO-CSPEC) 

C.  Electric  Power  Output 

1.  Cost  Base  #1  (AVCO-ETF) 

2.  Current  ETF 

3.  Cost  Base  #2  (AVCO-CSPEC) 
*D.  Exponential  Scaling  Functions 

1.  Account  #317.1, 

Combustion  Equipment 

2.  Account  #317.2, 

MHO  Generator  System 

3.  Account  #317.4, 

Electric  Consolidation 
and  Inversion 

4.  Account  #317.6, 

Seed  System 


291  MWt 
543  MUt 
2100  MWt 

321  Ft2 
522  Ft2 
1579  Ft2 

50.1  MWe 
90  MWe 
525  MWg 

0.67 

0.7 


0.9 


0.67 


^Provided  by  DOE 


SOO-SO?  - £TF  .•‘OWER  TRAIN  SCHEOOLE 


ETF  Conceptual  Des  ifin-20QMWe 

COS'l  ESTIMATE^  r)( 2) 

SDD-504  MHD  ETF  HR/ SR 


•a  jj 

0)  z 

« < 


-I  o 
• ,c 
jc  n B 
u u 

kl  V CB 


« C 

o 5 

4J  W C 
O "O 

■a  > 

V to 

u "O  0) 
U 0)  Ij 

V JZ  to 
o 

ki  B V 
O 4J  4J 

u iJ  M 

D B 
a 

kl  c kl 
a o « 
o u 
u e 
» ^ 
—•Otf 

^s-g-s 


US  DipNHMPfl  ol  Ewiqy 
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9700  SouHh  Cass  Ai/enue,  Arqon«.  Iliros  604?9  %^Epk)^€  J12/972- 

ETF  Conceptual  Design  200HWe 
ANLr Recomnended  Cost  Data 

Cost  Breakdown  for  HR/SR  Boiler^ 

A:count  No.  312.4  - Boiler  ("Steam  Generator") 


Cost^^^ 


Unit  of  Measure  ; 1,070,992  lb /hr  superheated  steam 

378  MW  thermal 

Material;  Material  and  Equipment  supplied  by  Vendor 

a)  Boiler  - including  oxidant  heaters, 

structural  steel,  ductwork, 
and  all  engineering 

$11,481,960 

b)  Accessory  Equipmenc  bupplied  by  Vendor 

including  sootblowers,  fans 
motors,  controls,  steam  coil 
air  heater 

$ 1,710,604 

Tbtal  material  $13, 192,564 

Balance  of  Account;  this  includes  all  items  supplied  in  tne  field, 

i.e.,  Foundation,  HR/SR  Building,  inlet  and  outlet 
flue  gas  ductwork,  building  electrical  and  wiring 
to  boiler  equipment  electric  service  boxes. 

To  be  supplied  by  GAI 


Category 


Description 


^^^HR/SR  boiler  includes  - Radiant  Boiler  Sections,  Superheaters,  Reheaters, 
Intermediate  Ibmperature  Oxidant  Heaters,  High  Bimperature  Economixer, 
S^'eam  Drum,  and  Recirculation  Pun^s,  Downcomers,  and  Headers. 

^^^Cost  shown  - based  on  September  1980  dollars  - add  62  for  March  1981 
costs. 
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ETF  Conceptual  Deaign  20QMUe 
Coat  Breakdown  for  HR/SR  Boiler  (continued) 
Account  No.  312.4  - Boiler  ("Steam  Generator") 


Category  Description  Cost 

Installation  Costs;  This  includes  costs  for  erection  of  the 

boiler  and  associated  structures!  accessory 
equipment,  ducting  and  air  heater  (BRIL  is 
included  in  this  price)^^' 


a) 

Erec  tion 

$ 8,201,400 

b) 

Shipping 

207,769 

c) 

Service  (Field  Engineer  & Start  Up 

Operating  Crew) 

218,704 

Tbtal  Installation 

$ 8,627,873 

Indirect  Costs: 

To  be  supplied  by  GAI 

Contingencies: 

Allow  50Z  contingency  for  B&W  supplied 
information  due  to  fact  that  B&W  estimate 
is  40Z  of  CE  2X  Base  Case  Cost  Estimate 

a)  Materials  - $13,192,564  X 50Z  - 

b)  Installation  - $8,627,873  X 50Z  ■ 

$ 6,596,282 
4,313,936 

Tbtal  Contingency 

$10,910,218 

Tbtal  cost  Vendor 

(B&W)  supplied  items  for  HR/SR 

a)  Materials  - $13,192,564  + $6,596,282  - 

b)  Installation  - $8,627,873  + $4,313,936  - 

$19,788,846 

12,941,809 

$32,730,655 

BRIL*Br ickwork,  Refractory, 


Insulation,  & Lining 
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ETF  Conceptual  Deaign  200HWe 
Coat  Breakdown  for  Particulate  Control  (ESP) 


Account  No.  312.5  - Particulate  Control 


Category  Description 

Unit  of  Measure:  lf357,3S2  Ib/hr  Flue  Gas  @ 480°F 

-703,386  - CFM  - 0 3.9  grains/SCF^^ 

or  7.6  grains/ SC Fq^j 

Material:  ESP  as  delivered  to  site 


Balance  of  Account:  Ibis  includes  all  items  supplied  in  the 

field-i.e. , Ibundation,  DuctUork,  Electrical 
Service  Supply  to  ESP  boxes 


To  be  supplied  by  GAI 


Installation  Costa:  Ihis  includes  erection  costs,  shipping  and 

checkout. 


Indirect  Costs: 


Contingenc ies ; 


a) 

Erection  - 

$168,810 

b) 

Shipping  - 

22,500 

c) 

Service  - 

22,500 

$213,810 

To  be  supplied  by  GAI 

Allow  102 

Materials  - $630,224 

Installation  - 21 , 381 

$651,605 


Total  Cost  - B&W  Supplied  ESP 

Materials  - $6,302,240  + $630,224  - 
Installation  - $213,810  + $21,381  - 


September  1980  dollars  - add  62  for  March  1981  dollars. 


Cost^^^ 


$ 6,302,240 


$ 213,810 


$ 651,605 


$6,932,464 
235,19  1 
$7,167,655 
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ETF  Conceptual  Design  200MVfe 


Conparison  of  B&W  Scaledown  Cost 
Corrected  for  ETF  Size/Cost 
Compare!  to  AVCO  2X  Base  Case  1979  Cost 


ETF 

AVCO  2X 

Base 

HR/SR  Inlet 

- 132.4  kg/s 

130kg /s 

HR/SR  MWf  - 

378  MWf 

39GHWt(5) 

(9/80  Cost) 

(6/79  Cost) 

Mult 

Steam  Gen. 
Aux.  @ 13Z 

@ 87Z  - 18,983,000 
- 2,837,000 

49,549,000^6^ 

4,774,000^6) 

2.6 

1.68 

21,820,000 

54,323,000 

2.5 

ESP 

6,516,000 

6,841,000^6) 

1.05 

ETF  Boiler  is  UOX  of  AVCO 
ESP  is  95Z  of  AVCO 


See  page  20  of  AVCO  Report,  FE-2614-2 
See  page  117  of  AVCO  Peport,  FE-2614-2 
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ETF  Conceptual  Design  20QHUb 


ETF  Cost  - for  HR/SR 
ESP 


B&W  CSPEC  Scale  Down  - 20OW 


^res.  ■ 2-2.24  sec. 

Convective  Pass  Gas  Ve  1.  approximately  35-40  fps 
Boiler  Press  - 2150  psi  drum  press 

5:1  recirculation  ratio. 


Steam  Walled: 


1)  Furnace  Roof 

2)  Pendant  Convection  Sidewall  Tubes 

3)  Horizontal  Convection  Bank  enclosure  inlet  headers 

wall  tubes  and  outlet  headers 

4)  Primary  superheaters  bank  in  convection  pass  outlet 

header  in  paint  house  to  secondary  superheater. 

5)  Pendant  Secondary  Superheater  header  in  penthouse 

a)  first  bank 

b)  atteiq>erator 

c)  final  bank  downstream  (gas  wise). 


Boiler  Dimensions  (W  X L X H) 

Plan  - 52' W X 74' L 

Front  Elev.  - Tbp  52'  X 151'H 

Bottom  52'W  X 20'H 
Side  Elev.  - Top  74'L  X 15l'H 
Bottom  74'L  X 20' H 


Gas  into  Boiler 
HP  TUrbine  Inlet 
RH  Turbine  Inlet 


894,500  Ib/hr 
1,048,589 

- 1,070,992 

- 1,017,200  Ib/hr 

- 890,500 

- 986,470 


Gas  out  Boiler  - 


1,147,000  Ib/hr 
1,357,352 

1000°F-2524  psia 
10n0°F-531  psia 
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ETF  Conceptual  Design  20QMWe 


Ik'ue  Scale  Up  Fee  Cor*  1.1362 


Cost  Multiplier  ■ (1. 

1362) 

• 1.09352 

B&W  Scale  Down 

20QMH^ 

GAI  ETF  Bef. 

Mult. 

Boiler  Inlet  Teop/Press/OH 

607/2800P/627 

636®F/1900P/672 

Gas  into  Boiler 

W 

894,500#/hr 

1,048,589  (132.4  kg/s) 

1.1723 

T 

3625 

3532 

Boiler  Steam  Gen. 

MW 

*247.596 

*253.474 

Gas  Leaving  Boiler 

W 

1,147,000 

1,357,352 

1.1834 

T 

553 

481®F 

T 

307 2°F 

3051®F 

Steam  to  S.H.  TUrbine 

W 

1,017,200 

1,070,992 

1.0529 

T 

1000/1458 

1000/1480 

6 H-831 

AH-808 

P 

2524 

1814 

KW 

(Approx.  102.5) 

(107.9) 

Steam  to  RH  Hirbine 

W 

890,500 

986,470 

1.1078 

T 

1000 

1000 

P 

531 

478 

MW* 

(49.8) 

*(55.2) 

Oxidant  Heater  Inlet 

W 

696,700 

867,852 

1.246 

T 

756°F 

432°F 

P 

187.5 

72  psia 

Oxidant  Heater  Outlets  W 

696,700 

867,852 

T 

1186  (430®  AT) 

1100  (668iT) 

P 

175.5 

71 

*Wcp 

71,899,440  (21MW) 

139,134,033.  (40.75  MW) 

Econom  uer 

W - 

996,000 

1,070,992 

T • 

43°4T 

8OO4.T 

*MW 

- 14.30MW(. 

*28.»Wj. 

MW 

- 187.6MWt 

232.45 

1.24 

* 

332.7 

378.024 

1.1362 
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ETF  ConccpCual  Design  20QMVIle 


Cost  Breakdo%m  Structure  (per  telccon  of  March  4,  1981  with  V.  Pearson, 
ANL/Tbm  Buchanon,  GAI  extension  2677) 


a)  Ti t le : list  the  unit-use  footnotes  to  include  all  major  items  included. 

b)  Unit  of  Measure;  list  major  characteristic  - for  boiler  this  is  lb /hr  of 
steam,  for  the  ESP  it  would  be  the  CPM. 

c)  Material;  This  includes  all  material  shipped  to  the  site  by  the  vendor. 

In  the  case  of  the  HR/SR  this  includes  Engineering,  Shop  Fabrications, 
Materials,  Pumps,  Instrumentation,  Prewired  electrical  etc.  - ANY  COST 
INVOLVED  IN  THE  COMPLETE  PACKAGE  SUPPLIED  BY  THE  VENDOR.  - DO  NOT  INCLUDE 
FIELD  SUPPLIED  ITEMS. 

d)  BOA:  Balance  of  Account;  This  includes  all  items  supplied  in  the 
field-usually  by  others  - i.e.  inundations.  Ductwork,  Field  Hiring,  other 
materia  Is  not  supplied  as  part  of  the  delivered  package. 

e)  Installation  Costs;  All  field  erection  costs  - welders,  equipment  rental, 
etc. 

f)  Indirect  Costs;  To  be  supplied  by  GAI 

g)  Contingencies ; Establish  contingencies  for  data  supplied  GAI  will  handle 
the  preparation  of  the  final  figure. 


SCHEDULE:  Telecon — V.  Pearson,  ANL/R.  (Jake)  Jacoby,  GAI,  extension  2643. 
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ETF  ConcepCual  Design  20QHUe 


Telacon  of  Kerch  4,  1981,  V.  Pearson  (ANL)/Fted  Wenderoth  (B&W) 


a)  Engineering  - covers  all  engineering  from  receipt  of  order. 

b)  Pumps  - should  cost  of  the  order  of  $100,000  or  slightly  more. 

c)  Erection  - Boiler  cost  should  be  90-95Z  of  figure  g:lvra  ESP  5-lOZ  of 
figure  based  on  how  the  ESP  is  shipped. 

d)  BRIL  - is  Brickwork,  Refractory,  Insulation  and  Lining  installation 

e)  Service  - includes  on  site  field  engineer  during  construction  and 
operating  crew  required  during  startmp. 

f)  Cost-consider  the  nominal  21  million  dollar  pro-rated  cost  to  be 
reasonable  and  would  consider  only  a lOZ  contingency  would  be  required  for 
further  conservatism. 
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ETF  Conceptual  Design  20QMUb 
HR/ SR  COST  COMPARISON 


B&W  CSPEC 


Scale  Down 


ETF  Site  Corrected 


Boiler 


10,300,000  X 1.09352 


11,481,960 


Accessories 


1,450,000  X 1.09352 


1,585,604 


Md  *■  recirculation  pumps  @ 100,0u0-125,000 


125,000 


Total  Material  Cost 


13,192,564 


Erection  of  Boiler 
& Associated 

Structures  7,500,000  X 1.09352  8,201,400 

Freight  190,000  X 1.09352  207,769 

Service  220,000 

-20,000 

200,000  X 1.09352  218,704 

8,627,873 

Material  Cost  - $13,193,000 
Installation  - 8 ,628,000 

$21 ,821,000  - contingency  @ 50Z  ■ 10,910,000 
New  Boiler  Vendor  Budgeting  Cost 
$32,731,000 


ESP 

less  erection 


5.750.000 
-150,000 

5.600.000  X 1.1254  - 


6,302,240 


Erec  tion 


150,000  X 1.1254  - 


168,810 


Sh  ipping 


est.  (20,000)  X 1.1254  - 


22,500 


Service  est.  (20,000)  X 1.1254  - 22,500 

2137gl0 

Material  - $ 6,302,000 

Installation  - 214-000 

$ 6,516,000  - contingency  @ 101  ■ 650,000 

Net  eSP  Vendor  Budgeting  Cost 
$7,200,000 
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OUTLINES  OP  PLANS  IN  SUPPORT  OF  THE  ODER 


Tne  outlines  of  plena  required  to  support  the  Conoeptuel  Design  Engineering 
Report  ere  described  in  Sections  5.3.1  end  5.3.2. 

A performenoe  essurenoe  progrem  plen  with  specific  provisions  for  reliability, 
safety,  end  quality  assurance  is  noroially  developed  by  using  the  detail 
design  conditidhs  for  a given  project.  This  plan  is  found  in  Section  5.3.1 
and  covers  those  items  needed  to  provide  confidence  of  satisfactory  in-service 
performance. 

A plan  was  also  prepared  to  outline  the  Environmental  Analysis  Study  required 
to  support  the  Conceptual  Design  Engineering  Report.  This  conceptual  phase 
study  would  precede  the  Environmental  Assessment  required  by  Federal 
Regulation,  1508.9  Environmental  Assessment.  This  plan  is  found  in 
Section  5.3.2. 
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5.3.1  MHD-ETF  Performanoe  Aasuranoe  (PA)  Progr—  Plan 

The  attached  outlilne  for  a proposed  PA  program  plan  was  developed  as  a part 
of  this  CDER  to  provide  the  basis  for  the  establishment  of  a PA  program  to 
cover  design  and  construction  of  the  MHD-ETF.  Suoh  a program  must  include  the 
actions  and  responsibilities  required  to  effect  the  safety,  reliability,  and 
quality  assurance  elements  of  the  project.  The  basic  concept  of  the  program 
is  to  ensure  that  features  most  important  to  satisfactory  perfor*mance  be 
identified  and  covered  by  safety  and  reliability  assessments  of  the 
probability  of  their  failure,  and  the  consequences  cf  failure. 
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PERFORMANCE  ASSURANCE  PROGRAM  PLAN  OUTLINE 


FOR 

MAGNETOHYDROOTNAMICS 
ENGINEERING  TEST  FACILITY  (MHD-ETF) 
CONCEPTUAL  DESIGN  - 200  MWe 


PREPARED  BY 


GILBERT  ASSOCIATES,  INC. 
P.O.  BoX  1498 


READING,  PA  19603 


MHD~ETF  PERFORMANCE  ASSURANCE  PROGRAM  PLAN  OUTLINE 
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PERFORMANCE  ASSURANCE  PROORAM  PLAN 


Sqotlon 

1.0 

1.1 

1.2 


1.3 

1.3.1 


OUTLINE  AND  CONTENT  DESCRIPTION 


Title 

PERFORMANCE  ASSURANCE 
PROGRAM 

AUTHORITY 


OBJECTIVES 


ORGANIZATION 


Responsibility 


Independence 


Desoriptlon  and  Content 


Statenent  of  authority:  The  Department  of 

Energy  requires  a Performance  Assurance 
(PA)  Program  at  all  levels  and  throughout 
all  phases  of  the  project.  The  PA  Program 
will  incorporate  Safety,  Reliability,  and 
Quality  Assurance  elements. 

Brief  description  of  objectives:  The  PA 

Pre^ram  Is  intended  to  provide  maximum 
reasonable  levels  of:  safety  of  project 

personnel  and  the  general  public  from 
accidental  injury  and  other  hazards 
associated  with  construction  and  operation 
of  the  MHD-ETF;  reliability  of  plant  and 
equipment;  and  all  confidence  that  design, 
fabrication,  construction,  and  operations 
activities  support  these  objectives. 

Organization  will  be  discussed  from  the 
viewpoint  of  responsibility,  independence, 
and  documentation,  as  follows: 

The  prime  contractor  will  be  responsible 
for  the  establishment  and  execution  of  the 
Project  PA  Program.  The  work  of 
establishing  and  executing  the  PA  Program, 
or  its  component  parts,  may  be  delegated, 
but  responsibility  will  be  retained  by  the 
delegator.  Thus,  a chain  of  PA  activity 
may  be  established  through  a series  of 
sub- tier  contracts,  but  the  prime 
contractor  will  remain  ultimately 
responsible. 

PA  personnel  shall  have  sufficient  authority 
and  organizational  freedom  to  identify 
problems,  suggest  solutions  and  verify 
implementation  of  solutions.  The 
relationship  of  PA  functions  to  design, 
fabrication,  construction,  and  operations 
functions  throughout  the  project  will  ensure 


1 


Stotion 


Titli 


D»>orlDtlw>  >nd  Contant 


th«  IndApmdMOC  of  Saf«ty,  ttelntenanoa,  and 
Quality  Aasuranoa  froa  oonstralnta  baaed  on 
ooat  and/or  aohedule  when  these  would  oppose 
safety  or  reliability  oonoerns. 

1.3.3  Documentation  The  PA  Program  shall  be  documented  by 

writt' colloies,  prooedures,  and 
insti  u .ons . These  shall  Identify  the 
activities,  structures,  systems,  and 
components  covered  by  the  PA  Program  and 
the  authorities  and  duties  of  persons  and 
organizations  performing  activities  relating 
to  safety,  reliability,  and  quality 
assurance.  Development  of  appropriate 
manuals  will  be  required. 

A report  describing  the  application  of 
the  PA  Program  to  the  design,  fabrication, 
construction,  and  testing  of  the  structures, 
systems,  and  ooiiq>onents  of  the  facility 
shall  be  included  in  the  Preliminary  Safety 
Criteria  Report  prior  to  the 
beginning  of  construction.  A report  of  the 
application  of  the  PA  Prc^ram  to  the 
inspection,  maintenance,  and  operation  of 
the  facility  and  to  the  administrative  and 
managerial  controls  used  to  assure  safe 
operation  shall  be  included  in  the  Pinal 
Safety  Criteria  Report  prior  to 
operations.  The  SARs  will  include 
Maintenance  and  Quality  Assurance  program 
elements  as  they  relate  to  safety  and 
reliability. 

1.4  INTEGRATION  Safety,  Reliability,  and  Quality  Assurance 

program  elements  will  be  cony>lementary,  but 
minimize  duplication  of  effort.  Analytical 
assessments  of  the  consequences  of  failure 
will  direct  activities  of  all  three 
elements  toward  the  procedures,  components, 
systems,  and  structures  of  greatest 
significance  to  safety  and  reliability. 
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2.0 

DESCRIPTION  OF  PROGRAM 

ELEMENTS 

2.1 

SAFETY 

2.1.1 

Introduction 

The  safety  performanoe  assurance  program 

will  identify  hasards  to  employeea  and  the 
public  that  aay  ba  aaaooiated  with  the 
design,  layout,  and  operation,  and  provide 
safety  design  criteria  during  early  design 
of  the  HHD-ETF  facility.  The  program  will 
provide  an  HHD-BTF  Safe  Design  Criteria 
referenoe  for  guidance  during  oonoeptual 
design,  planning,  development,  acquisition, 
and  layout.  By  means  of  this  Safe  Design 
Criteria  and  safety  consultation,  the 
program  will  ensure  that: 

1.  Safety  oonsistent  with  DOE  polloies 
and  program  objectives  is  incorporated 
into  project  design  and  operations  in 
timely  cost-effective  manner. 

2.  Hasard  severity  is  determined  and 
hazards  are  identified,  evaluated,  and 
eliminated  or  controlled  to  an 
acceptable  level  throughout  the  life 
cycle  of  projects  and/or  operations. 

3.  Historical  safety  data  available  from 
other  sources  are  considered  and  used 
where  appropriate. 

4.  Minimum  risk  is  incurred  in  accepting 
and  using  new  designs,  new  materials 
and  components,  and  in  production  and 
testing  procedures  and  operations. 

5.  Retrofit  actions  required  to  improve 
safety  are  minimized  through  the 
timely  inclusion  of  safety  features 
during  early  design,  development  and 
acquisition. 

6.  Modifications  to  accepted  designs  do 
not  degrade  system  safety. 

The  safety  program  shall  be  appropriately 
coordinated  with  the  design,  layout,  and 
reliability  programs. 
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2,1.2  Proar—  Manaawnt  The  Safety  Aeeuranoe  Program  will  be 

coordinated  with  the  Reliability  Program 
to  prevent  duplication  of  effort  and  aneure 
full  and  timely  interchange  of  information. 
The  following  major  aspects  will 
be  addressed  in  program  management,  as  a 
minimum: 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

2.1.3  Technical  Activities  1. 


2. 


Organisation. 

Tasks,  milestones,  reports. 

Incorporation  of  safety  oritioal  items 
into  project  cost  estimates. 

Extension  of  Safety  Assurance  to 
major  subcontractors. 

Documentation. 

Any  necessary  assignment  to 
subcontractors. 

Master  Safety  Assurance  Pile. 

An  overall  Preliminary  Hazard  Analysis 
(PHA)  will  be  performed  to  provide  an 
initial  risk  assessment  of  the  system 
and  develop  the  Safe  Design  Criteria. 

The  proposed  design  shall  be  evaluated 
for  hazard  severity,  hazard  probability, 
risk,  and  operational  constraint. 
Specific  Preliminary  Hazard  Analyses 
will  be  provided  as  the  actual 
components,  systems,  pressures, 
temperatures,  and  operations  are 
conceived.  The  "What-If  Safety 
Analysis"  shall  be  applied  to  all 
aspects  of  design,  layout,  systems, 
equipment  components,  installation, 
testing,  startup,  and  operations.  It 
shall  be  the  responsibility  of  each 
contractor  and  engineer  involved  as 
well  as  those  specifioally  assigned 
to  group  task  forces  to  apply  the 
"What-If  Safety  Analysis"  and  the 
Safety  Design  Criteria  to  his  portion 
of  the  work  and  to  its  relation  to 
other  portions,  systems  or  components. 
Design  engineering  shall  utilize  the 
Safe  Design  Criteria  to  guide  their 
design  efforts,  aid  in  identifying  the 
criticality  of  system  elements,  and 
guide  them  in  coordinating  their  design 
efforts  with  the  Safety  Assurance 
Program  and  its  hazard  risk  analysis 
consulting  services.  This  coordination 
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2.1.4  General  Reouirements 


2.2  RELIABILITY 


2.2.1  Reliability  Program 
Plan 


will  avoid  unnaoeaaary  dalaya  and 
provide  tlaaly  Inoorporatlm  of  Safety 
Assuranoe  requlreMnta*  It  vlll  also 
provide  tlaely  developaent  of  Subsyatea 
Haeard  Analysis  (SSHA). 

M.  Systea  Hasard  Analysis  (SHA)  Hill 
address  all  subsystea  interfaces  and 
deteraine  the  safety  problea  areas  of 
the  total  systea. 

5.  Operating  and  Support  Hazard  Analyses 
(OAS)  Hill  address  hazards  and 
deteraine  safety  requireaents  for 
personnel,  procedures,  and  equlpaent 
during  installatlcn,  operation,  and 
aalntenanoe,  testing  and  aodifioation, 
transportation  and  storage,  emergency 
planning,  training,  and  disposal 
operations. 

The  Safety  Assuranoe  Program  will  include 
appropriate  levels  of  analysis  of  design 
standards,  specifications,  regulations, 
catalysts,  feed  materials,  effluents, 
materials  of  construction  and  by-products; 
hazardous  substances,  components,  pressures, 
temperatures,  magnetic  fields,  effects,  and 
operations;  human  error,  safty  interlocks, 
redundancy,  fail  safe  design,  system 
protection,  fire  detection  and  suppression, 
and  operating  and  emergency  controls. 

The  Reliability  program  element  uf  the 
PA  Program  plan  will  include  the  following 
component  parts: 

The  Reliability  Program  Plan  will  address 
the  following  subjects: 

General  Requirements 

Reliability  Organization  and  Functions 

Reliability  Program  Control 

Task  Descriptions 

Schedules 

Control  of  Purchased  Goods  and  Services 
Training  of  Engineering  and  Operating 
Personnel 

Documentation  and  Records 
Program  Audits  and  Evaluation 
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2.2.2 


Reliability,  AvlUblllty. 
and  Malntali^bllity  ^RAMj 
Analysis 


A RAM  Analysi'  will  be  developed  Inoludlng 
the  following  aspects: 

Estioate  system  availabilities 
Allocate  availability  goals  among 
components  and  subsystems 
Establish  maintenance  resources,  plans, 
and  off-line  time  requirements 
System  modelling  and  reliability 
prediction 


2.2.3  Hazards  Analysis 


A Hazards  Analysis  will  be  planned,  covering 
the  following  aspects: 


PMEA  and  Fault  Tree  analysis 
Assess  consequences  of  failures 
Establish  remedial  actions 
Critical  Items  Lists 


2.2. ^ Design  Activities 


The  plan  will  consider  the  following  design 
activities: 


Establish  RAM  requirements  for  all  system 
components 

Trade-off  studies  of  design  and  operations 
alternatives 

Design  reviews 

Suggest  Improvements  and  follow-up 

2.2.5  Procurement  Assistance  The  following  types  of  procurement  assistance 

will  be  planned  for: 

Review  procurement  documents  for  RAM 
requirements 

Subcontractor/Vendor  reviews  and 
surveillance 


2.2.6  Operations 


The  following  Operations  requirements  will 
be  included: 


Prepare  maintenance  plans  and  procedures 
Spare  parts  analysis  and  planning 
System  RAM  data  collection  and  analysis 
System  chtnge  recommendations 
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2*2.7  Indootrinatlon  and 

Training 


2*3  QUALITY  ASSURANCE 

2*3*1  Quality  Aaauranoa 

Program 


2*3.2  Organization 


2*3.3  Design  Control 


The  plan  will  inoluda  indoctrination  and 
training  in  tha  following  aubjaota: 

RAM  methods  and  their  limitations  for 
design  personnel 

RAM  data  requirements  for  operations 
personnel 

Maintenance  procedures  for  operations 
personnel 

Reliability  consciousness  indoctrination 


A Quality  Assurance  Program  will  be 
developed  covering  the  following  major 
parts: 

General  requirements 
Management  review  and  evaluation 
Resolution  of  disputes 
Classification  of  structures,  systems, 
and  components 

Quality  Assurance  organization  functions 
Quality  Assurance  Program  assessment 
Contractor/Vendor  Quality  Assurance 
Program 

Indoctrination  and  training 
Qualifications 
Controlled  conditions 

A plan  for  Quality  Assurance  organization 
will  be  developed  in  accordance  with 
Section  1*3,  including  the  following  types 
of  organizations  and  activities: 

Engineering  organizations 
Quality  Assurance  organization 
Review  and  advisory  committees 
Subcontracted  services 
Stop  work  authority 

Design  control  will  be  planned  to  ensure 
the  following  aspects  are  covered: 

Design  organization  procedures 
Design  review  and  verification 
Design  Process 

Design  control  program  indoctrination 
Design  control  records  system 
Plant  security  design  information 
Degree  of  Independence  between  design 
and  review  personnel 
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2.3.4  Inatruotiona.  Prootdurtt.  The  Quality  Aseuranoe  Plan  will  cover  the 
and  Drawings  following  aspects  of  instructions, 

procedures,  and  drawings: 

Content  of  instructions,  procedures  and 
drawings 

Reviews  and  verifications 
Identification  system  for  project  drawings 

2.3*5  Doouwent  Control  The  Quality  Assurance  Plan  will  provide  for 

coverage  of  the  following  types  of  documents: 


Quality  Assurance  Program  documents 
Controlled  documents 
Document  change  control 
Control  of  vendors'  drawings 
Plant  security  design  Information 

2.3*6  Procurement  Document  The  Quality  Assurance  Plan  will  include 

Control  provisions  for  the  following  activities 

required  to  control  procurement  documents: 


Procurement  document  preparation 
Review  and  approval  of  procurement 
documents 

Control  and  evaluation  of  contractor 
proposals 

Vendor  qualification 
Lists  of  bid  drawings 


2.3*7  Control  of  Purchased 
Material.  Equipment 
and  Services 


2.3*8  Identification  and 

Control  of  Materials. 
Parts,  and  Components 


Provisions  for  control  of  purchased  material, 
equipment,  and  services  will  be  included  in 
the  QA  Plan  in  the  following  categories: 

Vendor  qualification  and  history 
Manufacturing  surveillance  phase 
Construction  phase 
Certificates  of  conformance 
Documentation  requirements 

This  subject  will  be  addressed  in  the 
following  aspects: 

Identification  and  control  requirements 
Manufacturing  phase 
Construction  phase 
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Sootion  TltX» 

2.3*9  Control  of  Sotolil 
PrOOMMO 


2.3.10  Inapectlon 


2.3.11  Test  Control 


2.3.12  Control  of  Measuring 
and  Test  Equipment 


2.3.13  Handling.  Storage, 
and  Shipping 


2.3.111  Inspection.  Test, 

and  Operating  Status 


Description  and  Content 

The  QA  Plan  will  include  requiresMnts  for 
the  control  of  special  prooeaaes  in  the 
following  areas,  in  aooordanoe  with  Industry 
practice: 

Special  process  requirements 
Supplier  controls 
Qualification  records 

The  Inspection  portion  of  the  QA  Plan  will 
require  plans  for  the  following: 

Inspection  program 
Supplier  inspection 
Construction  site  Inspection 
Personnel  qualification 

Test  control  will  be  planned  for  in  the 
following  areas: 

Testing  requirements 
Test  surveillance 

The  following  subjects  will  be  included 
in  the  QA  Plan,  to  cover  project 
requirements,  and  comply  with  governmental 
and  industry  standards: 

Requirements 

Supplier  and  contractor  controls 

Handling,  storage,  and  shipping  of  project 
materials  and  equipment  will  be  covered  so 
as  to  comply  with  governmental,  shipping 
and  industry  standa^'da: 

Requirements 

Controls 

The  QA  Plan  will  Include  coverage  of  the 
following  aspects  of  inspection,  test,  and 
operating  status: 

Requirements 
Manufacturing  phase 
Construction  phase 
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2.3.15 


2.3.16 


2.3.17 

2.3.18 


TltU  P«BoriPtion  >nd  Confnt 

Honoonforaliut  FteUrlala.  The  QA  PXen  will  provide  for  Identifloetion, 

Perte.  or  Coaponente  segregetlon,  end  disposition  of  these  iteu 

es  follows: 

Requirements 
Henufacturing  phase 
Construction  phase 

Audits  The  QA  Plan  will  include  a detailed  audit 

plan,  including  the  following  aspects: 

Audit  program 
Personnel  training 
Internal  audits 
External  audits 
Scheduling 
Audit  reports 
Audit  follow-up 

Corrective  Action  The  QA  Plan  will  include  provisions  for 

controls  on  corrective  action  required,  as 
uncovered  in  inspections  and  audita,  both 
internal  and  external. 


Quality  Assurance  The  QA  Plan  will  require  a coii4>lete  system 

Records  of  QA  records,  including  the  following 

aspects: 

Record  requirements 

Record  maintenance 

Record  classification  and  turnover 
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SCHKDULB3  OF  ?k 
ACTIVITIES 


3.1  SAFETY 

3.1.1  OtnTtl 


3.1.2  Cono»ptutl  DtaAm 
PbM« 


3.1.3  Title  I.  Prtllwlnarv 
Design  Phase 


3.1.^  Title  n.  DeUll 
Design  Phase 


Soheitules  for  the  Ssfety,  Rellsbllity,  end 
Quality  Assurance  prograa  eleaents  will  be 
developed,  tlM-phased,  as  Indicated  In 
Sections  3.1  through  3*3.6  below. 


The  Identification,  control,  and  knowledge 
of  hazardous  situations,  practices,  and 
procedures  shall  be  eo^haaized  throughout 
the  project  to  provide  exemplary  safety 
assurance. 

Develop  preliminary  safety  design  criteria 
reference  manual. 

Provide  safety  assurance  consultation. 

Issue  preliminary  safe  design  criteria 
reference  manual  to  design,  layout,  and 
planning  project  personnel 
Review  layouts  and  designs 
Provide  safety  assurance  consultation 
Preliminary  system  safety  analysis 
Preliminary  critical  items  lists 

Provide  input  to  design  considerations. 
Review  designs 

Respond  to  needs  and/or  requests  for  safety 
and  health  criteria  and  data 
Review  QA  acceptance  criteria  to  ensure 
inclusion  of  safety  assurance 
Provide  the  appropriate  safety  analysis  to 
the  systems,  components  and  operations 
Safety  Critical  Items  Lists  established 


3.1.?  Procurement,  Fabrication,  Provide  hazard  impact  input  to  environmental 
and  Construction  Phase  impact  document 

Review  contracts  to  ensure  Inclusion  of 
adequate  safety  assurance  program 
requirements  in  construction  work 


3.1.6  Operations  Phase  Provide  input,  consultation,  and/or  review 

of  pre-startup  testing  program 
Develop  safety  operating  procedures  for 
facility  operations 

Develop  and  conduct  training  for  operators 
that  includes  explanation  of  hazards  and 
means  to  eliminate,  alleviate,  and  avoid 
risks 

Develop  and  conduct  emergency  procedures 
Develop  and  conduct  first  aid  training 
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section 


Title 


Description  and  Content 


Develop  end  conduct  fire  brifede  training 
Develop  and  conduct  hasard  atiarenessy 
Identification  and  reporting  training 


3.2  RELIABILITY 


3.2.1  General 


3.2.2  Conceptual  Design 
Phase 


3.2.3  Title  I.  Prelialnary 
Design  Phase 


Indoctrination  and  training 
Establish  interfaces  with  safety,  quality 
assurance  design  and  construction 
personnel 

RAM  program  developed 
Classification  criteria  reviewed 
Level  of  effort  for  each  classification 
specified 

Allocation  of  availability  targets 

RAM  objectives  established 
RAM  manuals  and  procedures  developed 
Preliminary  system  reliability  analysis 
Preliminary  Critical  Items  Lists 
Trade-off  studies  of  design  alternatives 
Designs  reviewed 


3.2.4 


3.2.5 


3.2.6 


Title  II.  Detail 
Design  Phase 


Procurement,  Fabrication 
and  Construction  Phase 


Testing  and  Operation 
Phase 


Designs  reviewed 

Acceptance  criteria  reviewed 

Failure  modes  and  effects  analysis  (FMEA) 

System  models  and  reliability  prediction 

Sensitivity  studies 

Maintainability 

Reliability  Critical  Items  List  established 

Reliability  critical  items  reviewed  and 
assessed 

Maintainability  analyzed 
Procurement  documents  reviewed 
Spare  parts  requirements  analysis 

Data  collection  and  analysis 
Critical  items  studies 
Maintainability 
Design  improvement  programs 


3.3 


QUALITY  ASSURANCE 


3*3 -1  General  Document  control  procedures  implemented 

QA  programs  audited 
QA  personnel  trained  and  qualified 
Calibration  of  instrumentation  verified 
Interfaces  with  safety,  reliability,  design, 
and  construction  personnel  maintained 
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Section 


Title 


Deaorlption  end  Content 


3.3.2  Conceptuel  Design  Phase  QA  Prograa  developed 

Clsssifiostlcm  oriteris  defined 
Level  of  effort  for  each  classification 
specified 


3.3.3  Title  I,  Preliainary 
Design  Phase 


QA  oanuals  and  procedures  developed 
Structures,  systems , and  components  classified 
Designs  reviewed 


3.3.4  Title  II.  DeUil 
Design  Phase 


Designs  reviewed 

Design  procedures  audited 

Acceptance  Criteria  detailed 


3.3.5  Procurement.  Fabrication.  Vendors  qualified 

and  Construction  Phase  Procurement  documents  controlled 

Vendor/contractor  activities  surveilled 
Vendor/contractor  programs  audited 
Vendor  products  inspected  and  tested 
Welding  and  NDT  personnel  and  procedure 
qualifications  verified 
Construction  processes  and  products  Inspected 
Non-conformances  identified,  segregated,  and 
corrected 


3.3*6  Operations  Phase  Checklists  for  pre-startup  testing  prepared 

In-service  inspection  plans  developed  and 
implemented 

Implementation  of  testing  and  maintenance 
programs  verified 
As-built  drawings  verified 
Spare  parts  procurement  program  implemented 
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5.3»2  Plan  for  the  Envlronuwntal  Analysis  Study  for  the  MHD-ETF 

The  attached  Environmental  Analysis  Study  is  required  to  support  the 
Conceptual  Design  Engineering  Report  for  the  200  MHe  HHD-ETF.  This  conceptual 
phase  study  precedes  the  eventual  Environmental  Assessment  to  be  prepared  in 
accordance  with  Federal  Regulation,  1508.9  Environmental  Assessment.  This 
regulation  states: 

"1508. 9 Environmental  assessment. 

"Environmental  Assessment" : 

(a)  Means  a concise  public  document  for  which  a Federal  agency  is  responsible 
that  serves  to: 

(1)  Briefly  provide  sufficient  evidence  and  analysis  for  determining 
whether  to  prepare  an  environmental  impact  statement  or  a finding  of 
no  significant  impact. 

(2)  Aid  an  agency's  con^llance  with  the  Act  when  no  environmental  Impact 
statement  is  necessary. 

(3)  Facilitate  preparation  of  a statement  when  one  is  necessary. 

(b)  Shall  Include  brief  discussions  of  the  need  for  the  proposal  of 
alternatives  as  required  by  Sec.  102(2) (E),  of  the  environmental  liq>acts 
of  the  proposed  action  and  alternatives,  and  a listing  of  agencies  and 
persons  consulted." 

Under  this  regulation  an  Environmental  Assessment  may  be  waived  in  lieu  of  a 
determination  to  prepare  an  Environmental  Impact  Statement  as  specified  under 
Federal  Regulation  1508. 1 1 -Environmental  impact  statement. 

1508,11  Environmental  impact  statement. 

"Environmental  Impact  Statement"  means  a detailed  written  statement  as 
required  by  See.  102(2) (C)  of  the  Act. 

Since  the  MHD  Engineering  Test  Facility  (ETF)  is  the  first-of-a-klnd  of 
demonstration  facility,  it  is  necessary  that  the  Environmental  Analysis  Study 
(EAS)  precede  the  Environmental  Assessment  and  that  the  determination  be 
legally  documented  in  the  Congressional  funding  phase.  The  attached  provides 
the  recommended  format  for  such  a report. 

Although  a programmatic  environmental  assessment  report  was  prepared  for  MHD 
power  plants  in  their  generic  form  in  a report  titled,  "The  Environmental 
Assessment  of  MHD  Power  Plant"  (September,  1975)  the  specific  issues  relating 
to  any  specific  plant  were  not  or  could  not  be  addressed.  It  is  the  purpose 
of  this  report,  therefore,  to  perform  an  environmental  evaluation  of  the  ETF  on  a 
non-specific  site  in  order  to  provide  an  early  analysis  of  the  environmental 
issues  when  applied  to  a specific  power  plant.  The  environmental  analysis 
study  will  have  the  format  of  the  attached.  The  introductory  text  has  been 
Included  with  the  outline. 
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1.0  Introduction 

Thia  document  ia  prepared  during  the  courae  of  the  development  of  the 
conceptual  design  of  the  200  MWe  MHD  Engineering  Test  Facility  for 
the  purpose  of  accomplishing  two  objectives.  These  are: 

a.  Assess  the  potential  impact  on  the  environment  of  this  new 
technology  demonstration  plant  and  thereby  identify  and 
assess  problem  areas  requiring  further  technological 
development . 

b.  Provide  a mechanism  for  identifying  and  establishing 
specific  design  standards  for  those  plant  components  and 
systems  I ..nd  their  interfacing  auxiliary  system 
performance,  idiose  design  may  be  controlled  by  national 
standards  for  protection  of  the  environment. 

1 . 1 Scope 

The  National  Environmental  Policy  Act  of  1969  has  made  the 
protection  of  the  environment  a matter  of  law.  Section  102  of  the 
Declaration  of  National  Environmental  Policy  states  the  following: 

"Sec.  102.  The  Congress  authorizes  and  directs  that  , to 
the  fullest  extent  possible:  (1)  the  policies,  regulations 

and  public  laws  of  the  United  States  shall  be  interpreted 
and  administered  in  accordance  with  the  policies  set  forth 
in  this  Act,  and  (2)  all  agencies  of  the  Federal  Government 
shal 1- 

(A1  utilize  a systematic,  interdisciplinary  approach 
uhici)  will  insure  the  integrated  use  of  the  natural  and 
social  sciences  and  the  environmental  design  arts  in 
planning  and  in  decision  making  which  may  have  an  impact 
on  man's  environment; 

(B)  identify  and  develop  methods  and  procedures,  in 
consultation  with  the  Council  on  Environmental  Quality 
established  by  title  II  of  this  Act,  v4iich  will  insure 
that  presently  unquantified  environmental  amenities  and 
values  may  be  given  appropriate  consideration  in  decision 
making  along  with  economic  and  technical  considerations; 

(C)  include  in  every  recotmnendation  or  report  on 
proposals  for  legislation  and  other  major  Federal  actions 
significantly  affecting  the  quality  of  the  human  environ- 
ment, a detailed  statement  by  the  responsible  official  on- 
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(i)  the  anvironoental  inpact  of  Che  propoaed  action, 

(ii)  any  adverse  envirotuaental  effects  idiich  cannot  be 
avoided  should  the  proposal  be  inplemented, 

(iii)  alternatives  to  the  proposed  action, 

(iv)  the  relationship  between  local  short-term  uses  of 
man's  environisent  and  the  maintenance  and  enhancement  of 
long-term  productivity,  and 

(v)  any  irreversible  and  irretrievable  conmiements  of 
resources  which  would  be  involved  in  the  proposed  action 
should  it  be  inpleswnted. 

Prior  CO  making  any  detailed  statement,  the  responsible  Federal 
official  shall  consult  with  and  obtain  the  comments  of  any  Federal 
agency  which  has  jurisdiction  by  law  or  special  expertise  with 
respect  to  any  environmental  impact  involved.  Copies  of  such  state- 
ment and  Che  comments  and  views  of  the  appropriate  Federal,  State, 
and  local  agencies,  which  are  authorized  to  develop  and  enforce 
envirorasental  standards,  shall  be  made  available  to  the  President, 
Che  Council  on  Environmental  Quality  and  to  the  public  as  provided 
by  section  532  of  Title  5,  United  States  Code,  and  shall  accompany 
Che  proposal  through  the  existing  agency  review  processes; 

(D)  study,  develop,  and  describe  appropriate 
alternatives  to  recommended  courses  of  action  in  any 
proposal  which  involves  unresolved  conflicts  concerning 
alternative  uses  of  available  resources; 

(E)  recognize  the  worldwide  and  long-range  character 
of  environmental  problems  and,  where  censistent  with  the 
foreign  policy  of  the  United  States,  lend  ap,>ropriate 
support  to  initiatives,  resolutions,  and  programs  designed 
to  maximise  international  cooperation  in  anticipating  and 
preventing  a decline  in  the  quality  of  mankind's  world 
environment ; 

(F)  make  available  to  States,  counties, 
municipalities,  institutions,  and  individuals,  advice  and 
information  useful  in  restoring,  maintaining,  and 
enhancing  the  quality  of  the  environment; 

(C)  initiate  and  utilize  ecological  information  in 
the  planning  and  development  of  resource-oriented 
projects;  and 

(H)  assist  the  Council  on  Environmental  Quality 
established  by  title  II  of  this  Act." 
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nie  200  MWe  MHO**Engineering  Test  Facility,  funded  by  the  U>  S. 
Goverittent  to  deannstrate  the  caaaiercial  readiness  of  this  nev 
energy  systos,  is  required  to  meet  the  rules  and  regulations  that 
have  been  promulgated  under  this  law. 

The  new  technology  associated  with  this  new  energy  system  brings 
together  a new  set  of  conditions,  both  internal  and  external  to  the 
plant,  that  have  no  precedent  in  other  energy  systems  operating  to 
date. 

Although  a programmatic  environmental  assesssient  report  %ms  prepared 
for  MHD  power  plants  in  their  generic  form  in  a report  titled,  "The 
Environmental  Assessment  of  MHD  Power  Plant"  (Septesd>er,  1975),  the 
specific  issues  relating  to  any  specific  plant  were  not  or  could  not 
be  treated. 

It  is  the  purpose  of  this  environmental  report,  therefore,  to 
evaluate  the  envirotusental  impact  of  the  non-specific  site  ETF. 

This  provides  an  early  assessment  of  the  environmental  Issues  when 
applied  to  a specific  power  plant. 

1.2  Basis  for  Consideration 

This  Environmental  Analysis  Study  is  prepared  to  produce  a document 
which  precedes,  and  lays  the  foundation  for,  the  Environmental 
Assessment  Report  (EAR).  The  EAR  will  be  prepared  in  accordance 
with  Federal  regulation,  1508.9  Environmental  Assessment,  which 
states: 


1508.9  Environmental  assessment. 

"Environmental  Assessment": 

(a)  Means  a concise  public  document  for  which  a Federal 
agency  is  responsible  that  serves  to: 

(1)  Briefly  provide  sufficient  evidence  and  analysis 
for  dei-erraining  whether  to  prepare  an  environmental 
impact  statement  or  a finding  of  no  significant  impact. 

(2)  Aid  an  agency's  compliance  with  the  Act  when  no 
environmental  impact  statement  is  necessary. 

(3)  Facilitate  preparation  of  a statement  %ihen  one  is 
necessary. 

(b)  Shall  include  brief  discussions  of  the  need  for  the 
proposal  of  alternatives  as  required  by  sec.  102(2)(E),  of 
the  environmental  impacts  of  the  proposed  action  and 
alternatives,  and  a listing  of  agencie'  and  persons 
consulted. 
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Undar  Chit  raguUcion  an  Bnvironaantal  AsaasaatanC  «ay  ba  aaivad  in 
liau  of  a datemination  to  prapara  an  Enviroiuaantal  Zapaet  StataaMnt 
aa  apacifiad  undar  Fadaral  Ragulation  1508. 11-EnvlroiMMntal  iapact 
atatanant. 


1508.11  BnviroMMntal  inpact  aaaaaanent. 

“SnvironMntal  Impact  Statanent"  neana  a datailad  writtan 

atataBMnt  aa  required  by  Sec.  102  (2)(C)  of  the  Act. 

1..  the  caae  of  200  HWe  HHIHETF,  the  ahaer  aiae  of  the  facility  and 
the  type  and  aaK>unta  of  influenta  and  effluent*  have  been  auanarily 
judged  to  preclude  the  alternative  to  the  EIS:  nearly,  the  Finding 

of  No  Significant  Impact  (FONSI)  (Sec.  1508.9(a)(1)).  Irreapective 
of  the  merita  of  auch  an  early  judgeaMnt  for  a new  facility 
mploying  new  technology  in  the  initial  atagea  of  conceptual  deaign, 
the  fact  remains  that  the  Environmental  Analysis  Study  offers  the 
mechanism  for  documentation  of  the  environmental  considerations  and 
requirements  for  such  plant.  It  is  on  this  latter  basis  that  the 
decision  to  prepare  a formal  Environmental  Analysis  Study  was  made. 

This  study  mil  attempt  to  identify,  quantify,  and  compare,  where 
possible,  the  known  factors  affecting  the  environsMnt  with  the 
potential  plant  emissions,  site  conditions,  and  operating 
requirements  in  compliance  with  Federal  Regulations.  Site  Impact 
Evaluation  cannot  be  made,  since  the  ETF  project  has  not  selected  a 
site  for  the  ETF.  Therefore  a list  of  site  requirements  (assuming 
ccMspliance  with  federal  regulations)  mil  be  used  to  compare  the 
hypothetical  site  data  being  used  by  the  project  mth  the  federal 
regulations  to  minimize  the  plant's  environmental  impact  in  general. 

As  indicated  in  the  table  of  contents,  this  report  addresses  three 
major  areas: 

A.  A description  of  the  plant,  its  emissions,  and  the 
requirements  for  acceptable  emissions  release. 

B.  A description  of  the  fictitious  site  and  an  assessment 
of  the  requirements  for  the  ultimate  selection  of  a 
site. 

C.  A discussion  of  the  alternatives  available  to  the 
whole  problem  of  siting  a new- techno logy  demonstration 
facility. 

2.0  General  Description  of  the  Engineering  Test  Facility  (ETF) 

The  following  description  is  excerpted  from  project  documents.  It 
constitutes  a summary  description  of  material  presented  in  greater 
detail  in  the  ETF  Design  Requirements  Document  (DRD),  the  ETF 
Systems  Design  Descriptions  (SDD),  and  the  Conceptual  Design 
Engineering  Report  (ODER). 
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2.1  Intogratod  Plant 

2.1.1  <^naral  ETF  Datcription 

Tha  ETF,  as  dascribad  in  tha  Magnatohydrodynanics  (MMD)  Program 
i Plan»  Is  a fully  intagratad  eoamarcial  prototypa  NHD  povar  plant  of 

I nominal  200  MVa  nat  output.  Parfonsanca  of  this  plant  undar 

f commarcial  power  ganaration  conditions  should  maat  or  surpass 

existing  utility  standards  for  fual,  maintananca»  and  operating 
costs;  plant  availability;  load-follo«ang  capability;  safety;  and 
durability.  Tha  plant  should  also  SMat  or  surpass  all  applicable 
federal,  state,  and  local  anviromsantal  regulations.  Tha  objectives 
for  tha  NHD  ETF  are: 


1.  To  demonstrate  and  test  an  intagratad,  combined  coal-firad 
MHO/staam  systMi  supplying  power  to  a grid,  vhich  is  prototypic  of 
an  early  coancrcial  plant; 

2.  To  demonstrate  tha  high  availability  features  of  the  plant 
design; 

3.  To  evaluate  component  interactions,  control 
characteristics,  and  performance  capabilities; 

4.  To  demonstrate  the  environmental  acceptability  of  the 
plant. 

Figure  1 illustrates  the  arrangement  of  the  ETF. 

2.1.2  Facility  Narrative 

The  Engineering  Test  Facility  will  be  a prototype  coal-fired  based- 
load  electric  generating  plant  with  a nominal  electrical  output  of 
200  MW.  The  plant  will  consist  of  an  NHD  topping  cycle  integrated 
with  a steam  bottoming  cycle.  It  will  be  a complete  plant  which 
delivers  electricity  to  a utility  grid. 
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The  ETF  will  demonsCraCe  Che  connercial  viabilicy  of  Che  HMD  process 
for  Che  generacion  of  power  from  coal.  The  HHD  process  direccly 
produces  elecCrical  energy  by  che  movemenC  of  an  elecCrically 
conducCing  fluid  chrough  a magnecic  field.  In  a coal-fired  HHD 
power  plane,  Che  gases  formed  by  che  combusCion  of  coal  are  made 
eleccrically  conducCive  by  "seeding"  Chem  vn.Ch  a poCassium  sale  ac 
exCremely  high  CemperaCures.  The  resulcing  plasma  is  Chen  direcCed 
chrough  a Cube  called  Che  channel  Uiere  ic  performs  che  same 
funecion  as  Che  copper  armacure  in  a convencional  generaCor.  The 
elecCrical  currencs  induced  in  che  gas  or  plasma  scream  are  led  ouC 
Co  an  excernal  load  chrough  elecCrodes  placed  in  che  walls  of  che 
channel.  The  neC  resulc  is  Chat  pare  of  Che  energy  of  Che  gas 
scream  is  converCed  inCo  eleccriciCy. 

An  HHD  generaCor  essenCially  combines  Che  funecions  of  Che  sCeam 
Curbine  and  elecCrical  generaCor  employed  in  a convencional  syscero. 
Because  Che  energy  of  che  gas  scream  is  converCed  direcCly  Co 
elecCrical  energy,  an  HHD  generaCor  is,  in  principle,  a much  simpler 
device  chan  Che  convencional  rurbogeneraCor . The  generaCor  consiscs 
of  Che  channel  wich  an  appropriace  array  of  elecCrodes  and 
insulacors,  locaCed  wichin  a magneCic  field.  IC  has  neicher  Che 
highly-sCressed  moving  parCs  of  a CurbogeneraCor , nor  any  solid 
parts  chaC  are  not  readily  accessible  for  exCernal  cooling;  thus,  ic 
can  withstand  temperatures  well  beyond  the  capabilities  of 
conventional  turbines.  As  a consequence  of  high-Cemperature 
operation,  power  plants  incorporating  HHD  generators  are  potentially 
more  efficient  than  conventional  Curbine  power  plants. 

The  HHD  Power  Train  consists  of  the  HHD  generator,  a coal  combustor 
and  nozzle,  and  an  inverter.  A superconducting  magnet  surrounding 
the  channel  provides  the  magnetic  field  needed  for  power 
generation.  Coal  is  burned  in  the  cockbustor  with  the  pressurized 
oxidant  to  produce  a hi,;h  temperature  gas.  This  gas  ia  ionized  by 
rhe  addition  of  potassium  seed  in  the  form  of  a mixture  of  potnssiuro 
salts.  It  is  then  accelerated  by  a nozzle  to  near  sonic  velocity 
and  discharged  into  the  MHD  channel  where  both  thermal  and  potential 

energy  are  used  to  generate  DC  electrical  power  by  the 

magnetohydrodynamic  process.  The  powr  ii  collected  by  a set  of 
channel  wall  electrodes,  consolidated,  and  then  inverted  from  DC  to 
AC  for  transmission  to  the  distribution  network.  The  diffuser 
improves  the  performance  of  the  generator  by  converting  the  kinetic 
energy  of  the  high  velocity  gas  leaving  the  channel  to  increase  the 
static  pressure. 

Coal,  seed  and  oxidant  are  supplied  to  the  MHD  pov«r  train  combustor 
by  independent  systems.  The  oxidant  must  provide  a combustion 
temperature  which  is  adequate  to  ionize  the  seed.  It  is  obtained  by 
mixing  air  with  oxygen  from  an  on-site  Air  Separation  Unit  (ASU)  and 

is  then  compressed  and  then  heated  by  the  MHD  exhaust  gas  to  an 

intermediate  temperature. 
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Considerable  energy  is  contained  in  the  MHO  exhaust  gas.  Tt.e  ETF 
utilises  most  of  it  to  generate  steam  which  is  used  to  drive  a 
turbogenerator,  providing  additional  electrical  power,  and  drive  the 
air-  and  oxidant  compressors  and  other  auxiliary  equipment. 

The  ETF  uses  nonconvent iona I processes  to  control  emissions  of 
sulfur  and  the  NOx  formed  during  combustion.  The  sulfur  combines 
preferentially  with  the  potassium  seed  to  form  particulates  which 
are  removed  from  combustion  gases  by  conventional  methods. 

Recovered  seed  can  be  reused  once  it  has  been  reprocessed  to  remove 
the  sulfur,  but  reprocessing  facilities  are  not  included  in  the 
ETF.  NOx  emissions  are  limited  by  sub-stoichiometric  (fuel  rich) 
combustion  followed  by  a time  controlled  temperature  reduction  of 
the  exhaust  gases  that  allows  the  NOx  to  reduce  to  a low 
concentration. 

The  ETF  resembles  a coal-fired  steam  power  plant  in  many  ways.  It 
is  analogous  to  a conventional  plant  which  has  had  the  coal 
combustor  replaced  with  the  MHD  power  train.  Most  of  the  ETF 
components  are  conventional.  They  may,  however,  be  sized  or 
configured  differently  or  perform  additional  functions  from  those  in 
a conventional  coal  power  plant.  For  example,  the  boiler  performs 
not  only  its  usual  function  of  providing  steam,  but  also  the 
functions  of  heating  the  MHD  oxidant,  recovering  seed,  and 
controlling  emissions. 

2.1.3  Identification  of  Plant  Svstems 


The  ETF  is  organized  into  a number  of  systems,  each  performing  one 
or  more  specific  functions.  Related  systems  are  grouped  together  in 
separate  sections  of  the  DRD.  These  sections  are: 

Oxidant  Supply 
MHD  Power  Train 
Magnet 

Heat  Recovery /Seed  Recoverv  Boiler 
Steam  Power  Train 
Plant  Auxiliaries 
Plant  Services 

The  functions  and  design  requirements  of  the  Oxidant  Supply,  MHD 
Power  Train,  Magnet,  Heat  Recovery /Seed  Recovery,  Steam  Power  Train, 
Plant  Auxiliaries,  and  Plant  Services  syctems,  are  presented  in  DRD 
Sections  5 through  11.  These  sections  expand  the  detail  of 
performance  requirements  presented  in  DRD  Section  3.  The 
arrangement  of  these  systems,  except  for  plant  auxi  I iari**?  and 
services  are  illustrated  in  Figure  3. 
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2.1.4  Buildings 

The  plane  includes  structures  and  buildings  normally  associated  %rith 
a coal-fired  generating  plant;  such  as,  a turbine  building,  coal 
system  control  and  preparation  buildings,  vater  treatment  building, 
circulating  water  pump  house,  industrial  waste  treatment  building, 
cooling  towers,  and  various  storage  tanks.  Also  included  are  the 
structures  for  an  air  separation  unit,  a building  to  house  the 
magnet  and  MHD  povar  Crain,  and  related  ancillary  structures  needed 
to  complete  the  facility. 

The  character  and  appearance  of  Che  plant  resembles  chose  of 
conventional  fossil  power  plants. 


2.1.5 


Design  Performance  and  Requirements 


Plant  Type 


The  ETF  will  be  a baseload  plant. 


Plant  Rating 


Power 

Voltage 

Frequency 

Duration 


200  MWe  Net  (Reference) 

TBD  kV  TBD  kV  (to  be  compatible  %h.th  utility  grid)) 

60  Hz  -IX  to  OX,  three  phase 

TBD  hrs  continuous  operation  at  rated  conditions 


Plant  Fuel 


The  plant  will  be  designed  to  burn  coal  from  the  Montana  Rosebud 
(MR)  seam. 


As  received  coal  properties  include: 

H2O  27X  maximum 

Ash  I2X  maximum 

Sulfur  I.lX  maximum 

HHV  11,300  BTU/lb.,  typical  dry 

Load  Range 

The  ETF  Plant  shall  be  able  to  operate  over  a range  frem  75X  to  lOOX 
of  the  (reference)  plant  racing. 
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Plant  Regulation  and  Response 
Regulation  range: 

75Z  to  lOOZ  of  (reference)  plant  rating. 

Load  following: 

The  power  plant  «h.ll  be  able  to  reduce  power  output  from  rated  load 
to  75  percent  of  rated  load  and  increase  Che  power  output  from  75 
percent  of  rated  load  to  raced  load  at  rates  of  at  least  3 MW  per 
minute. 

Frequency  Control: 

When  the  ETF  is  connected  to  Che  grid  system  and  the  grid  frequency 
deviates  from  60  Hz  by  more  chan  ♦ five  (5)  percent,  Che  ETF  shall 
be  separated  from  the  grid  for  unit  protection.  Should  either 
duration  of  operation  below  57.5  Hz  be  indeterminate  or  frequency 
fall  below  57  Hz,  the  unit  shall  be  tripped. 

A deviation  greater  Chan  0.06  percent  of  frequency  (equal  Co 
deadband)  shall  be  cause  for  stably  restoring  response  within  0.2 
seconds. 

Design  operation  at  steady  state  shall  be  based  on  frequency  changes 
not  in  excess  of  ■»-0.02  Hz,  -0.04  Hz  exclusive  of  dead  band. 

Deadband  shall  not  exceed  0.036  Hz. 

Stability : 

The  MHD/steam  generating  unit  shall  be  designed  to  be  inherently 
stable  under  all  conditions  of  manual  and  automatic  control  vihile 
connected  to  the  grid  jystem.  Operation  of  this  unit  shall  not  be 
curtailed  by  characteristics  of  other  grid  units. 

Load  Regulation: 

The  power  plant  will  be  able  to  accommodate  load  changes  about 
steady  state  power  levels  at  rates  of  at  least  3 MW  per  minute. 

plant  Efficiency 


1002 

752 

Rating  (REF) 

Rating 

Net  overall  (minimum) 

382 

TBD 

MHD  topping  cycle  (minimum) 

TBD 

TBD 

Steam  bottoming  (minimum) 

TBD 

TBD 
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Lifetine 


The  ETF  shall  be  designed  and  constructed  in  accordance  %ath  utility 
practice  for  a thirty-year  life.  The  number  of  operating  cycles  to 
be  assumed  for  design  calculation  purposes  is  TBD. 

Availsbility /Re  liability 

The  overall  plant  shall  have  at  least  a 75X  availability  level  liien 
operating  under  conmercial  power  generation  conditions. 

Operational  Modes 

The  commercial  prototype  of  the  ETF  will  be  expected  to  operate  as  a 
baseload  power  plant.  However,  the  ability  to  handle  multiple 
startups  and  shutdovns  annually  is  important  in  selecting  and 
designing  power  equipment. 

Cold  Startup: 

Typical  startup  sequence  will  include,  but  not  be  limited  to: 

Cold  Flush 

Hot  Cleanup  (Waterside) 

Combustor  Light-Off 
Boiler  Start 
Turbine  Start 

Turbine  - Generator  Synchronization 
Turbine  - Generator  Load 
Synchronize  MHD  Generator 
Load  MHD  Generator 


Baseload : 

This  represents  100  percent  of  nameplate  load  on  turbine  generators 
operating  continuously  on  the  utility  grid.  With  no  load  variation, 
the  operators  primarily  monitor  system  performance. 

Part-Load : 

The  unit  has  the  ability  to  maintain  output  over  a range  of  75 
percent  to  100  percent  of  nameplate  load.  Maximum  and  minimum  loads 
are  limited  by: 

Equipment  capability 
Temperature  effects 
NOx  control 
Heat  sink 
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Standby: 

This  implies  a no-load  condition  of  readiness  for  the  plant  to  be 
placed  in  the  operating  mode.  Two  basic  modes  of  standby  are  the 
hot  and  cold  condition.  Typical  hot  standby  conditions  are: 

Major  components  (turbine,  boiler,  etc.)  temperatures  are 
held  as  high  as  possible  to  reduce  thermal  warming  time  to 
operating  conditions. 

Main  turbine  is  on  turning  gear  with  sealing  steam 
supplied  from  auxiliary  steam  system. 

Condenser  vacuum  is  maintained  and  circulating  water 
pump(s)  operate. 

System  water  cleanup  continues. 

Startup  air  heaters  operate. 

Air  and  gas  flows  are  minimal. 

Fuel  and  oxidant  systems  are  ready  to  operate. 

Ail  auxiliaries  are  ready  or  operating. 

Typical  cold  standby  conditions  are: 

Equipment  is  allowed  to  cool,  but  is  still  ready  for 
operation. 

System  Mter  cleanup  may  be  operating. 

Cooling  wate'  system  and  other  auxiliary  systems  are 
either  operating  or  ready  to  operate. 

Cold  startup  may  begin  at  any  time. 


Shutdown : 

This  mode  of  operation  is  the  transition  between  the  operating  and 
standby  modes.  Typical  shutdown  event  sequences  include,  but  are 
not  limited  to: 

Reduction  of  load  uniformly  between  MHD  and  steam  turbine 
generators. 

Control  of  cooling  water,  gas,  and  air  flow  reduction  to 
prevent  extreme  thermal  stresses. 
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Converaion  Co  air  oxidant. 

Reduction  and  ceaaacion  of  fuel  flow. 

Startup  and  ahutdovn  of  oil  burnera  (viciator  air  heaters). 

Turbine  trip,  coast  down,  and  placed  on  turning  gear. 

Shutdown  of  support  systems  and  auxiliaries  as  no  longer 
required. 

Emergency  Shutdown  Mode: 

(TBD) 

Breach  of  Security: 

(TBD) 

Miscellaneous  Events: 

Any  event  for  which  procedures  have  not  been  prepared  and  which  (in 
Che  opinion  of  responsible  plant  operators)  poses  a threat  to 
personnel  or  major  equipment  shall  justify  a shutdown. 

2.1.6  Testing 

All  systems  and  subsystems  shall  be  tested  to  assure  compliance  with 
plans  and  specifications  in  a manner  consistent  %rith  the  usual 
acceptance  requirements  for  this  type  of  equipment.  In  addition  Che 
specialized  testing  of  the  following  listed  MHD  hardware  is  TBD: 

MHD  Power  Train 
Magnet 

Heat  Recovery  and  Seed  Recovery 

2.1.7  Environmental 

The  ETF  complies  with  federal,  state,  and  local  standards  for  air, 
water,  and  solid  waste  management. 

2.1.8  Design  Codes  and  Standards 

The  design  shall  be  in  accordance  with  nationally  recognized  codes 

and  standards.  State  and  local  site  codes  shall  apply.  Codes 
listed  in  Che  subsequent  parts  of  this  document  are  representative 
of  codes  utilized  in  the  design.  The  listings  should  not  be 
construed  as  complete. 
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2.1.9  Perforaance  Aaaurance  Prograa  Plan 

A plan  ahall  be  developed  for  the  preparation  of  an  ETF  Performance 
Aaaurance  Program  (PAP).  The  program  ahall  detail  actiona  and 
reaponaibilitiea  to  be  uaed  to  provide  confidence  of  aatiafactory 
in-aervice  performance.  The  baaic  concept  of  the  program  ahall  be 
that  featurea  moat  important  to  aatiafactory  performance  be  clearly 
identified  and  receive  apecial  attention.  Important  featurea  ahall 
be  identified  by  aafety  and  reliability  aaaeaamenta  of  the 
probability  of  failure  and  the  conaequencea  of  failure. 

Safety 

The  syatem  aafety  program  plan  will  identify  hasarda  to  peraonnel 
and  the  public,  equipment  and  property  that  may  be  aaaociated  with 
the  ETF  deaign,  layout,  and  operation,  and  will  provide  aafety 
deaign  criteria  during  the  early  deaign  of  the  facility. 

The  ETF  ahall  comply  with  the  following  aafety  atandarda: 

Occupational  Safety  and  Health  Standarda,  Department  of 
Ubor,  29  CFR  1910. 

Interim  Standarda  for  Occupational  Expoaure  to  Magnetic 
Fields,  Memorandum  July  23,  1979,  E.  Alpen,  Lawrence 
Berkeley  Laboratory  to  K.  Baker,  Diviaion  of  Safety, 
Standards  and  Compliance,  U.  S.  Energy  Research  and 
Development  Administration. 

Reliability 

The  reliability  program  plan  will  identify  reliability, 
availability,  and  maintainability  of  the  systems  and  components. 

Quality  Assurance 

Appropriate  actions  shall  be  taken  during  design  and  construction  to 
assure  that  the  level  of  quality  of  the  design,  manufacture,  and 
installation  of  all  systems,  equipment,  and  structures  is  in 
accordance  with  the  requirements  of  the  Quality  Assurance  Program 
Plan. 

2.2  ETF /Environmental  Interface 

The  interface  of  the  ETF  with  the  environment  exists  at  the 
buildings,  ETF  grounds,  storage  tanks,  silos  (seed),  equipment, 
storage  areas  (coal),  cooling  tower,  electric  power  input  and  output 
transmission  lines,  all  ETF  effluent  and  waste  system  discharge 
points,  material /resource  input  and  delivery  points  to  the  ETF 
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ayaCema,  road/rail  trai^aportacion  ayaCema,  and  aurrounding 
conmuniciea . 

The  interface  exiaca  during  ETF  conatruction , tearing,  and  plant 
operation.  Attributea  which  will  be  conaidered  in  the  environmental 
evaluation  of  the  ETF  include  air,  water,  land,  ecology,  aound, 
thermal  pollution,  and  human  and  economic  factora.  A aite 
requirement  liat  mil  be  prepared  for  the  ETF.  The  ETF  conceptual 
deaign  and  interfacing  ayatema  will  be  evaluated  to  identify 
potential  environmental  problems  and  iaaues.  Aa  a minimum,  areas 
listed  in  the  following  subsections  will  be  evaluated. 

2.2.1  Water  Supply  Systems 

The  water  supply  system  for  the  ETF  site  (non-specific)  can 
originate  from  a city  water  supply,  lakes,  rivers,  streams,  and/or 
ground  water.  The  study  will  identify  and  quantify  pollutants  and 
evaluate  ETF  water  requirements  and  potential  environmental  impact. 
This  would  include  type  and  frequency  of  water  usage,  water 
chemistry  and  purity,  required  water  pretreatment , type  and 
frequency  of  liquid  discharge  from  the  ETF,  required  waste  water 
treatment,  thermal  pollution,  potential  contamination  of  source 
water,  etc. 

Potential  problems  mil  be  identified  and  environmental  issues  will 
be  listed. 

2.2.2  Fuel  and  Seed  Supply  Systems 

Liquid  fuels,  coal,  and  seed  will  be  supplied  to  operate  the  ETF 
plant.  The  study  will  evaluate  effect  of  transport  of  these 
materials  to  the  ETF,  on-site  storage,  on-site  processing,  and 
supply  of  these  materials  to  the  using  components.  Points  of 
consideration  will  include  method  and  frequency  of  transport, 
material  quantities,  storage  facilities  (size,  location,  and  type), 
type  of  contaminants,  and  method  of  processing. 

2.2.3  Air  and  Gas  Supply  Systems 

Compressed  service-air  and  instrument-air,  liquid  oxygen,  and 
nitrogen  are  produced  on-site  and  are  used  in  the  ETF.  Industrial 
gases  such  as  carbon  dioxide,  helium,  and  hydrogen  are  procured  ind 
delivered  to  the  site.  This  study  will  evaluate  and  identify 
potential  problems  and  issues  of  un-site  production,  delivery  of 
industrial  gases,  gas  storage,  and  use  of  these  working  fluids.  The 
study  mil  consider  process  details,  storage  and  location,  usage, 
delivery  cycles,  and  gas  quantities. 
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2.2.4  Waste  Heat  Rejections 

Waste  heat  from  the  ETF  td.ll  be  rejected  to  the  environment  from  the 
stack,  cooling  tower,  ventilation  systems,  end  effluent  cooling 
wter.  The  study  will  evaluate  and  identify  the  potential  problems 
and  environmental  issues  related  to  ETF  thermal  output  co  the 
environment.  As  a minimum  this  will  include  range  of  discharge 
temperatures  from  each  source,  rate  of  heat  rejection,  and  schedule. 

2.2.5  Waste  Product  Storage  and  Disposal 

The  study  will  identify,  classify,  and  characterize  the  solid 
(includes  particulates),  liquid,  and  gaseous  wastes  generated  in  the 
ETF.  Storage  of  these  materials  and  disposal  will  be  evaluated. 
Potential  problems  and  environmental  issues  will  be  identified.  As 
a minimum  this  study  will  consider  slag,  spent  seed,  fly  ash,  spent 
chemicals,  waste  (spent)  resin,  contaminated  water,  pollutants, 
sewage  waste  leakage,  and  effects  of  accidents  (e.g.  spillage 
etc.).  This  shall  consider  waste  quantities,  location,  method  of 
storage,  method  of  disposal,  method  of  treatment,  type  of 
contaminants,  type  transportation,  and  frequency  of  disposal. 

2.2.6  Waste  Gas  Treatment 


Waste  gas  generated  in  the  ETF  and  all  effluent  discharge  to  the 
environment  shall  be  characterized  relative  to  composition, 
including  particulate  matter.  This  shall  consider  NO^,  SO2, 
flue  gas,  and  particulate  matter  in  the  gas  stream.  The  study  shall 
evaluate  quantities  of  gases  generated,  method  of  waste  gas 
treatment,  amounts  converted  in  the  process  to  nonemission 
classification,  method  of  removing  solids  from  gas  stream,  and 
composition  of  the  gas  discharged  to  the  stack.  Potential  problems 
and  environmental  issues  will  be  identified. 
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3 . 0 Plant  Emissions  and  Effluent  Standards 

3. 1 Emissions 

The  emissions  from  the  ETF  are  to  meet  the  Environmental  Protection 

Agency  (EPa)  New  Source  Performance  Standards  of  June  1979.  For 

example,  for  the  atmosphere,  these  standards  include: 

(a)  Exiting  particulate:  (max  permissible)  0.03  lb.  per 

million  BTU  input  and  IZ  of  potential  combustion 
concentration  and  20Z  opacity  (6  minute  average). 

(b)  Sulfur  dioxide  (SO2) : 1.20  Ib.  per  million  Btu  input  and 

90Z  reduction  of  potential  combustion  SOo  concentration 
on  a 30-day  rolling  average.  When  emissions  are  less 
than  0.60  lb.  per  million  Btu,  the  reduction  Is  70Z.  The 
percent  reduction  Is  computed  on  the  basis  of  overall 

SO2  removed.  Including  that  removed  with  seed,  in  the  ash, 
or  by  the  Joal  Management  System.  Removal  percentage  rate 
is  indicated  on  Figure  3. 

(c)  Nitrogen  oxides  (NO,^):  Based  on  the  combustion  of  Montana 

Rosebud  (subbltumlnous  B)  coal,  the  process  shall  be 
controlled  such  that  the  NO^^  emissions  do  not  exceed  0.50 
lb.  per  million  Btu  heat  input.  Continuous  compliance 
with  the  standard  is  required,  based  on  a 30  day  rolling 
average.  Also,  percent  reduction  in  uncontrolled  NO 
emission  levels  are  required,  but  not  controlling.  Thus, 
compliance  with  the  emission  limit  will  assure  compliance 
with  the  percent  reduction  requirements. 

3.2  Effluent  Standards 

The  effluents  will  meet  applicable  effluent  standards. 
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Influence  of  sulfur  in  coal  on  required 
SO2  removal  efficiency. 
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4.0  Generic  ETF  Site  Description 

The  ambient  design  conditions  for  the  ETF  are  listed  in  Table  2.1. 


TABLE  2.1 

AMBIENT  DESIGN  CONDITIONS 


Dry  Bulb 

Wet  Bulb 

Pressure 

Temp.  ®F 

Temp.  °F 

psia 

Plant  Design  Point 

42 

36 

13.0 

Summer  Design  Point 

80 

39 

13.0 

Winter  Design  Point 

-7 

-8 

13.0 

These  conditions  are  typical  sites  located  in  Montana.  The  region 
is  characterised  by  plains,  tridely  dissected  by  streams  and  having 
strong  local  relief  of  3-30  ft. 

The  hypothetical  site  is  relatively  large  and  flat  and  located  10 
miles  from  the  nearest  town.  Relatively  flat  areas  of  up  to  1000 
acres  are  available. 

The  socioeconomic  impact  of  ETF  construction  and  operation  will  be 
considered. 

The  hypothetical  sice  location  contains  a transportation  system, 
composed  of  railroads,  an  airport,  and  federal  and  state  highways. 
Access  to  the  site  is  provided  by  constructing  an  access  road  which 
connects  to  a major  highway.  Railroad  access  is  provided  by 
constructing  a spur  line  to  a major  railroad  line  within  five  miles 
of  the  site  location.  All  plant  shipments  for  both  construction  and 
operation,  including  fuel  delivery,  are  assumed  to  be  overland. 

Power  tor  conscruction  will  be  available  at  Che  hypothetical  site 
from  the  local  electric  utility.  Water  for  construction  and 
operation  activities  will  be  obtained  from  a surface  source  within 
one  mile  of  the  hypothetical  site  location. 

In  the  vicinity  of  the  hypothetical  site,  it  has  been  found  that 
calm  wind  periods  account  for  nearly  one-third  of  the  observation 
during  the  morning  and  early  afternoon,  and  for  one-fourth  of  all 
observations.  The  remainder  of  Che  time,  Che  wind  blows  from  all 
sectors  with  similar  frequencies.  Average  wind  speeds  are  20  mi/hr 
during  unstable  conditions  and  k mi/hr  during  stable  conditions. 
Northwesterly  winds  prevail. 

Table  2.2  lists  the  design  meteorology  history  for  Che  hypothetical 
ETF  site.  An  altitude  of  3300  ft.  above  sea  level  is  assumed. 
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The  hypothetical  site  is  located  in  seismic  zone  2 and  contains 
alluvial  fill  to  depths  of  500  ft.  or  more.  The  fill  rests  on  an 
irregular  bedrock  surface  of  moderate  relief.  This  alluvial  is  a 
poorly  sorted  mixture  that  ranges  from  fine  silty  clay  to  boulders 
and  conglomerates.  The  alluvial  fill  at  the  site  is  highly 
permeable.  The  site  presents  no  serious  problems  either  for  site 
preparation  by  grading  or  for  construction  of  facilities. 


TABLE  2.2 

WEATHER  DATA  (HYPOTHETICAL  SITE) 


Dry  Bulb 

Mean  Wet 

Range  <>F 

Hrs/Year 

Bulb  OF 

100-104 

1 

63 

95-99 

10 

62 

90-94 

57 

61 

85-89 

132 

60 

80-84 

202 

59 

75-79 

282 

57 

70-74 

393 

55 

65-69 

484 

53 

60-64 

617 

50 

55-59 

730 

47 

50-54 

839 

44 

45-49 

855 

40 

40-44 

857 

36 

35-39 

787 

32 

30-34 

679 

29 

25-29 

476 

25 

20-24 

349 

21 

15-19 

216 

16 

10-14 

181 

11 

5-9 

159 

6 

0-4 

151 

2 

-5  to  -1 

119 

-3 

-10  to  -6 

01 

-8 

-15  to  -11 

57 

-13 

-20  to  -16 

23 

-18 

-25  to  -21 

14 

-23 

-30  to  -26 

4 

-28 

-35  to  -31 

1 

-32 
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5.0  Suiary  Environmental  Analysis  Study 

A sunnary  of  the  study  will  provided.  The  summary  will  define  the 
compliince  of  the  ETF  with  the  Federal  standards  and  identify 
potential  problems  and  environmental  issues. 
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6.0  Alternatives 


The  non  site-specific  Enviionreental  Analysis  Study  will  not  address 
alternatives. 
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APPENDIX  7.1 
REFERENCE  DRAWINGS 


(Applicable  Drawings  Contained  In  the  CDER) 


Number 


Title 


8270-1-210-007-001 

8270-1-240-002-001 

8270-1-240-002-002 

8270-1-240-002-003 

6270-1-240-002-004 

8270-1-571-302-201 

8270-1-403-302-321 

8270-1-582-302-161 

8270-1-641-302-371 

8270-1-644-302-381 

8270-1-652-302-242 

8270-1-540-314-001 

8270-1-550-318-001 


Plot  Plan 

Yard  Coal  Handling 

Yard  Coal  Handling 

Seed  Unloading  and  Storage  Area 

Seed  Unloading  and  Storage  Area 

Circulating  and  Service  Water 

Boiler  Flue  Gas 

Plant  Makeup  Water 

Plant  Industrial  Waste 

Sanitary  Waste 

Miscellaneous  Gases 

System  Heat  and  Mass  Balance 

Water  Erlance 
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APPENDIX  7.2 

APPLICABLE  DOCUMENTS;  BIBLIOGRAPHY 


Title 


MHD~ETF  Design  Requirements  Document 


MHD-ETF  Conceptual  Design  Engineering  Report 


National  Environmental  Policy  Act  of  1969 

Federal  Regulation  - Environmental  Assessment 

Federal  Regulation  - Environmental  Impact  Statement 

Dept,  of  Labor,  Occupational  Safety  and  Health  Standards 

Interim  Standards  for  Occupational  Exposure 
to  Magnetic  Fields;  E.  Alpen,  Lawrence 
Berkeley  Laboratory  to  K.  Baker, 

Division  of  Safety,  Standards,  and 
Compliance,  U.S.  Energy  Research  and 
Development  Administration 

rnvironmental  Protection  Agency,  New  Source 
Performance  Standards 

^Others  TBD) 


DOE/NASA/ 10769-20 
NASA  TM-82705 
September  1981 

DOE/NASA/022A-1 
NASA  CR- 165452 
September  1981 


No.  1508.9 
No.  1508.11 

29CFR1910 


Memo,  July  23,  1979 


June  1979 
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DESIGN  DETAILS 


5.4.1  EQulDBwnt  List 

A detailed  listing  of  equipasnt  Is  not  norsslly  providsd  for  the  oonosptual 
dssign  phsss  of  s project.  For  the  detail  design  effort,  an  equipnent  list 
would  be  developed  which  would  be  used  for  (1)  verification  of  total  equipnent 
requirements,  (2)  estimating  total  equipment  oosts,  and  (3)  guidanoe  in 
following  equipment  delivery  schedules.  Detailed  information  for  listed 
equipnent,  such  as,  system,  quantity,  tag  number,  location  by  building,  bill 
of  material  number,  and  manufacturer's  drawing  number  would  be  included.  For 
this  ODER,  listings  of  major  equipment  are  provided  in  the  individual  System 
Design  Descriptions,  which  are  included  in  Section  5.5  of  this  report. 

5.4.2  Electrical  Load  List 

A detailed  listing  of  electrical  loads  is  not  normally  provided  for  the 
conceptual  design  phase  of  a project.  The  major  part  of  a load  list  is 
usually  the  tabulation  of  motors  required  for  driving  pumps,  fans  or 
compressors.  For  these  motors,  the  load  list  would  provide  detail  design 
information,  such  as,  motor  type,  quantity,  horsepotfer,  connected  bus  voltage, 
running  KVA,  bill  of  material  number,  and  manufacturer's  drawing  number.  For 
the  ETF  conceptual  design,  electrical  loads  are  shown  schematioally  on  the  One 
Line  Diagrams,  GAI  Drawing  Nos.  8270-1-802-206-001,  -002,  and  -003.  These 
diagrams  are  attachments  to  the  Electrical  System  Design  Description  (SDD- 
801),  which  is  included  in  Section  5.5  of  this  report. 

5.4.3  Water  Balance 

The  water  balance  diagram  is  a schematic  representation  of  (1)  all  input 
sources  of  water  to  the  plant,  (2)  major  plant  uses  of  this  water,  and  (3)  all 
discharge  paths  of  water  from  the  plant.  The  water  balance  for  the  ETF  plant 
is  shown  on  GAI  Drawing  No.  8270-1-550-318-001.  This  drawing  is  included  in 
the  listing  of  related  drawings  under  Section  2.8  of  this  report. 
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5.5  SYSTEM  DESIGN  DESCRIPTION 

System  Design  Descriptions  (SDDs)  supporting  the  design  of  the  MEID-ETF 
facility  sre  listed  belou.  A copy  of  esoh  system  design  description  is 
provided  in  this  Section,  including  sssocisted  fluid  system  disgrsms  and  otner 
drawings. 

SDD  AND  ASSOCIATED  DRAWING  LIST 


SDD  No. 

System  Design  Descriotion 

Drawinx  Title 

Drawinx  Number 

Oil 

MAIN  A REHEAT  STEAM 
(TURBINE-GENERATOR) 

Main  A Reheat  Steam 

8270-1-501-302-011 

031 

STEAM  BYPASS  A STARTUP 

Steam  Bypass  A Startup 

8270-1-504-302-031 

041 

EXTRACTION  STEAM 

Extraction  Steam 

8270-1-503-302-041 

051 

AUXILIARY  STEAM 

Auxiliary  Steam 

8270-1-507-302-051 

061 

BOILER  FEEDWATER 

Boiler  Feedwater 

8270-1-521-302-081 

101 

CONDENSATE 

Condensate 

8270-1-511-302-101 

111 

FEEDWATER  HEATER  DRIPS 

Feedwater  Heater  Drips 

8270-1-525-302-111 

113 

FEEDWATER  HEATER  A MISC. 

Feedwater  Heater  Vents, 

8270-1-525-302-113 

DRAINS,  VENTS  A RELIEFS 

Drains  and  Reliefs 

Miscellaneous  Drains 

8270-1-519-302-121 

131 

CONDENSER  AIR  REMOVAL 

Condenser  Air  Removal 

8270-1-491-302-131 

161 

PLANT  MAKEUP  HATER 

Plant  Makeup  Hater 

8270-1-582-302-161 

181 

SAMPLING 

Sampling 

8270-1-633-302-181 

201 

CIRCULATING  WATER 

Circulating  and  Service 
Water 

8270-1-571-302-201 

231 

CLOSED  CYCLE  COOLING 

Closed  Cycle  Cooling 

8270-1-531-302-231 

WATER 

Hater  - Turbine  and 
Compressor  Building 

Closed  Cycle  Cooling 
Water  - HR/SR  Area 
arJ  MHD  Building 

8270-1-531-302-232 

?U1 

INDUSTRIAL  GAS  SYSTEMS 

Plant  Service  and 
Instrument  Air  Supply 

3270-1-652-302-241 

Miscellaneous  Gases 

8270-1-652-302-242 

281 

FUEL  OIL 

Fuel  Oil 

8270-1-413-302-281 

, 31 

BOILER  FLUE  GAS 

Boiler  Flue  Gas 

8270-1-403-302-321 

Afterburner  Gas  Supply 

8270-1-403-302-322 

Coal  Drying  and 
Transport  Gas 

8270-1-403-302-323 

341 

COAL  MANAGEMENT 

Coal  Feed  Lock  Hoppers 

8270-1-410-302-341 

Yard  Coal  Handling  - 
Plan  and  Section 

8270-1-240-002-001 

Yard  Coal  Handling  - 
Plan  and  Sections 

8270-1-240-002-002 
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SDD  No. 

System  Deslicn  DescriDtion 

Drawiiut  Title 

Drawing  Number 

342 

SEED  MANAGEMENT 

Seed  Feed  Lock  Hoppers 

8270-1-410-302-342 

Ash/Seed  Removal  From 
Power  Systems  (Flue 
Gas  Cleanup) 

8270-1-451-302-352 

Seed  Unloading  and 
Storage  Area  - Plan 

8270-1 -240-002-003 

351 

371 

SUG  MANAGEMENT 
PLANT  INDUSTRIAL  WASTE 

Seed  Unloading  and 
Storage  Area  - Section 
Slag  Handling 
Plant  Industrial  Waste 

8270-1-240-002-004 

8270-1-451-302-351 

8270-1-641-302-371 

401 

501 

FIRE  SERVICE  WATER 
OXIDANT  SUPPLY 

Sanitary  Waste 
Fire  Service  Water 
ASU  (Air  Separation 
Unit)  Coiq}ressor, 
Steam  Turbine  Drive 
Process  & Instru- 
mentation P&I  #1 

8270-1-644-302-381 

8270-1-781-902-401 

l-FS-813 

Alternative  ASU 
Conpressor  Electric 
Motor  Drive  P4I  #2 

l-FS-814 

Air  Separation  Unit 
(ASU)  P4I  #3 

l-FS-815 

Mixing  Chamber  P4I  #4 
Liquid  O2  4 N2 
Storage  and  Vaporiza- 
tion P4I  #5 

l-FS-816 

l-FS-817 

Oxidant  Compressor 
Steam  Turbine  Drive 
P4I  #6 

l-FS-818 

Oxidant  Compressor 
Electric  Motor  Drive 
P4I  #7 

I-FS-819 

Block  Diagram 

1 -FS-82Q 

Drawing  Symbols  and 
Drawing  List 

1-FS-822 

Plan  Compressor 
Building 

l-LO-1577-1 

Plan-Cold  Boxes  4 
Equipment 

l-LO-1577-2 

Plan-LOX  Vaporizer 
4 LOX  Storage  Area 

1-LO-1577-3 
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SDD  No. 


502 


Syatam  Deai£n  Desorlption  Drawim  Title 


Drawing  Number 


MHD  POWER  TRAIN 


Plan-Air  Flltara, 
Afteroooler  & Oxidant 
Nixing  Chamber 

1-LO- 1577-4 

Elevation  "A"-"A'* 
Turblnea  & Compreaaora 

1-LO-1577-5 

Elevation 

Turblnea  & Coopressora 

I-LO-1577-6 

Elevation  "C"-"C 
Cold  Boxes  A Equipment 

1-LO-1577-7 

Oxidant  Mixing  Chamber 
Plan,  Elev.  & Details 

1-LO- 1577-8 

Compressor  Bldg.  Plan 
Utility  Piping 

1-LO- 1577-9 

Drawing  Index 

SDD- 1100 

MHO  Power  Train  System 
Assemb  *y 

SDD-1101 

MHD  Power  Train  System 
Facility  and  Support 
Structures  P4E 

SDD- 1102 

MHD  Combustor  P&E 

SDD- 1200 

MiiD  Channel  Support 
Structure  Assembly  - 
P&E 

SDD- 1300 

MHD  Channel  Support 
Structure  P&E 

SDD- 1301 

MHD  Diffuser  P&E 

SDD- 1400 

MHD  Diffuser  Cross 
Section 

SDD- 1401 

MHD  Diffuser  and 
Transition  Section 
Support  Structure  P&E 

SDD- 1402 

MHD  Control  Subsystem 
and  Interface  Block 
Diagram 

SDD-1500 

Consolidation  Network 
Connection  Diagram 

SDD- 1501 

Consolidation  Net./ork 
Detail  - 5 Stage 
Anode  Consolidation 

SDD-1502 
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SDD  Wo.  System  Dealgn  Description  Drawlrw  Title  Drawlrm  Number 

Consolidation  Network  SDD-1503 

Detail  - 3 Stage 
Cathode  Consolidation 

Consolidation  Network  SDD-1504 

Detail  - Make  Up 
Current  Distribution 

503  MAGNET  Drawing  Index  D4429 

Field  Profile  and  D4439 

Bore  Dimensions 

Outline  D4441 

Foundation  D4443 

Fringe  Magnetic  D4444 

F^eid  Zone  Boundaries 

Plan  and  Elevation,  D4445 

Magnet  and  Accessories 

Limits  on  Variations  D4448 

in  Magnetic  Field 
Profile  and  Field  in 
Channel  Cross-section 

General  Assembly  D4450 

Sh.  1-4 

Diagram,  Helium  Piping  D4452 

Diagram,  Nitrogen  Piping  D4453 

Diagram,  Electrical  D4454 

Power  Supply  and 
Discharge  System 

System  Diagram  D4456 

(Schematic) 

Typical  Joint  in  D4457 

Superconducting  Cable 


504 

505 

701 

HEAT  REC0VF"Y/SEED  RECOVERY 
INVERTER 

HEATING,  VENTILATING,  A 
AIR  CONDITIONING 

(None) 

(None) 

HVAC  - Chilled 
HVAC  - Steam  - 

Water  8270-1-721-902-001 

Hot  Water  8270-1-722-902-001 

801 

ELECTRICAL 

Primary  Power 

8270-1-802-206-001 

4160V  Power  8270-1-802-206-002 

480V  Power  8270-1-802-206-003 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  document  presents  a description  of  the  Main  and  Reheat  Steam  System  as 
shown  on  Fluid  System  Diagram  8270-1-501-302-011,  Main  and  Reheat  Steam.  It 
includes  the  functions,  details  of  components,  controls  and  instrusientation, 
operating  modes,  design,  safety,  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Main  Steam  System  is  designed  to  convey  high  pressure  and  temperature 
steam  from  the  Heat  Recovery/Seed  Recovery  (HR/SR)  Superheater  outlet  to  the 
High  Pressure  (HP)  turbine  section  in  a single  pipe,  branching  to  two  leads 
and  terminating  at  the  turbine  stop  valves. 

The  Reheat  Steam  System  is  designed  to  convey  steam  from  the  HP  turbine 
exhaust  to  the  Reheater  section  of  the  HR/SR,  and  from  the  Reheater  outlet  to 
the  Intermediate  Pressure  (IP)  turbine  and  mechanical  drive  turbines. 

1.2  SYSTEM  INTERFACES 

The  major  cooiponents  of  the  Main  and  Reheat  Steam  Sy'^.tem  are  the  Superheater 
and  Reheater  sections  of  the  HR/SR,  main  and  reheat  piping  and  valves,  the 
steam  turbine  generator,  the  Hot  Reheat  steam  supply  to  the  Oxidant  Air 
Compressor  turbines,  Air  Separation  Unit  (ASU)  Air  Compressor  turbine  and  the 
Boiler  Feedwater  Pump  turbines.  Other  systems  which  interface  with  Main  and 
Reheat  Steam  are  the  Steam  Byoass  and  Startup,  Sampling,  Auxiliary  Steam, 
Miscellaneous  Drains  and  Vents,  and  the  Extraction  Steam  System. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings,  and  the  system  limits  to  be  used  in  the  selection  of  the  required 
components.  Engineering  design  criteria  for  all  disciplines  are  in  accordance 
with  applicable  codes,  standards,  regulations,  and  guides  issued  by 
governmental  agencies,  recognized  standards  organizations,  and  Gilbert 
Associates,  Inc. 

13.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

A.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (FFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 
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1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  "pipe  sizing"  flow  rates  are  taken 
fron  the  plant  system  beat  balance  diagram  and  tabulated  on  the  Fluid  System 
Diagram  8270-1-501-302-011,  Main  and  Reheat  Steam.  Flow  rates  are  those 
occurring  during  turbine  valves  wide  open  with  the  HR/SR  steam  outlet  at 
Maximum  Continuous  Rating  (MCR)  conditions.  Main  and  Reheat  Steam  System  pipe 
sizing  is  based  on  pressure  drop  and  a steam  velocity  which  is  limited  to 

1.000  feet  per  minute  per  inch  of  internal  pipe  diameter.  The  Main  Steam 
System  piping  is  designed  for  a total  pressure  drop  of  approximately  96  psi  at 
MCR,  while  limiting  steam  velocity  to  15,000  feet  per  minute.  The  Reheat 
piping  is  also  limited  to  15,000  feet  per  minute  velocity.  These  are 
approximate  values.  Initial  design  of  Reheat  piping  allows  for  a total  of 
approximately  44  psi  drop  in  the  Reheat  Steam  System  piping,  subdivided  as 
follows : 

Cold  Reheat  Piping  7 psi 

Reheater  22  psi 

Hot  Reheat  Piping  15  psi 

The  final  design  of  the  Main  and  Reheat  Steam  System  piping  will  depend  on  an 

economic  optimization  of  pipe  sizing  and  pressure  drop. 

2.0  DESIGN  DESCRIPTION 

The  Main  and  Reheat  Steam  System  consists  of  piping,  valves  and  controls.  The 
major  equipment  associated  with  the  system  noted  in  Section  1.2  are  covered  in 
other  System  Design  Descriptions. 

2.1  SUMMARY  DESCRIPTION 

The  Main  Steam  System  is  capable  of  passing  1,071,000  pounds  per  hour  of  steam 
at  1,895  psig  and  1,005°F  at  the  superheater  outlet  of  the  HR/SR.  The  steam 
from  the  Superheater  is  combined  into  a single  pipe  which  branches  into  two 
pipes  leading  to  the  stop  valves  of  the  HP  turbine.  This  arrangement  is  used 
to  distribute  the  flow  while  maintaining  zero  temperature  differential  at  the 
turbine.  The  two  main  steam  pipes  are  provided  with  warmup  and  drain 
connections.  The  warmup  piping  interfaces  with  this  system  and  is  described 
in  System  Design  Description,  Feedwater  Heater  and  Miscellaneous  Drains,  and 
shown  on  Fluid  System  Diagram  827fj-i  519-302-121,  Miscellaneous  Drains. 

A steam  bypass  system,  provided  for  unit  startup  and  for  control  of  steam  flow 
on  trip  conditions,  interfaces  with  this  system  and  is  described  in  System 
Design  Description,  Steam  Bypass  and  Startup,  and  shown  on  Fluid  System 
Diagram  8270-1-504-302-031. 

Superheat  steam  temperature  is  controlled  by  spraying  boiler  feed  pump 
discharge  water  into  the  system  with  desuperheaters  which  are  located  between 
the  primary  and  secondary  superheaters. 

The  exhaust  from  the  HP  turbine  (Cold  Reheat)  is  combined  into  a single  pipe 
and  returned  to  the  HR/SR  for  reheating.  The  Cold  Reheat  piping  is  sized  for 
minimum  pressure  drop,  permitting  a higher  percentage  of  the  allowable  drop  in 
the  Hot  Reheat  piping.  A branch  connection  from  the  Cold  Reheat  piping 
supplies  extraction  steam  to  feedwater  heaters  4A  and  4B.  A large  drain  pot 
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is  located  at  the  low  point  of  the  Cold  Reheat  pipe  where  condensation  or 
spray  water  nay  accumulate  and  be  discharged  automatically.  The  Hot  Reheat 
System  piping  combines  the  piping  at  Reheater  outlet  into  a single  pipe  and 
branches  to  two  pipes  leading  to  the  IP  turbine  stop  valves,  and  pipes 
supplying  the  mechanical  drive  turbines. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

Major  equipment  components  shown  on  the  Main  and  Reheat  Steam  Diagram  are  the 
Superheater  and  Reheater  sections  of  the  HR/SR,  the  high  pressure, 
intermediate  pressure  and  low  pressure  sections  of  the  main  turbine, 
mechanical  drive  steam  turbines,  and  branches  to  the  bypass  system  and 
feedwatrr  heaters  4A  and  4B.  Items  not  described  here  are  described  in  the 
following  System  Design  Descriptions: 


Item 

Steam  Bypass 
& Startup 

Feedwater  Heaters 


System  Design 
Description 

Steam  Bypass 

& Startup  System 

Boiler  Feedwater 
System 


Fluid  System 
Diagram 

8270-1-504-302-031 

8270-1-521-302-081 


2. 2. 1.1  Turbine  Generator 


Type  Tandem  compound,  two  casing,  two  flow 

exhaust,  single  reheat,  with  direct 
connected  153,653  KVA  hydrogen  cooled 
generator . 


Guarantee  rating 
Speed 

Throttle,  inlet  pressure 
Throttle,  inlet  temperature 
Reheat  temperature 
Throttle  flow 
Exhaust  pressure 
Number  of  extractions 


128,044 

kW 

3,600 

rpm 

1,800 

psig 

1,000 

°F 

1 ,000 

°F 

1,070,992 

Ibs/hr 

2.0 

In.  Hg.  abs 

4 
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Generator  rating 

153,653 

kVa 

Generator  voltage 

22 

kV 

Generator  power  factor 

0.9 

Generator  short  circuit  ratio 

0.58 

Generator  gas  press. 

30 

psig 

2. 2. 1.2  Turbine  Generator  Accessories 


The  turbine  generator  equipnent  will  include  accessories  normally  provided  by 
the  turbine  generator  manufacturer.  These  include:  a lubrication  system  with 

oil  tank,  pumps,  filters,  heat  exchangers,  piping  and  controls;  a hydrogen  gas 
cooling  system  with  heat  exchangers,  controls  and  piping;  a seal  oil  system 
with  tank,  puisps,  separators,  filters,  heat  exchangers,  piping  and  controls;  a 
steam  sealing  system  with  steam  seal  regulator  (controls),  steam  seal 
condenser/exhauster,  control  valves  and  piping;  a bus  duct  cooling  system;  and 
an  excitation  system. 


2. 2. 1.3  Superheater 

Flow 

Pressure 

Temperature 


1,070,992  Ibs/hr 

1,895  psig 

1,004.9  °F 


2. 2. 1.4  Reheater 


Flow 

986,470 

Ibs/hr 

Inlet  pressure 

436 

psig 

Inlet  temperature 

649.3 

°F 

Outlet  pressure 

414 

psig 

Outlet  temperature 

1,001.2 

°F 

Reheater  system  press,  drop 

44 

psi 

2.2.2  Piping  and  Va Ives 

Main  and  Reheat  Steam  System  piping  is  chromium-molybdenum  alloy  steel  and 
carbon  steel  designed  and  manufactured  in  accordance  with  the  standards  listed 
in  Section  1.3.1.  Stop  valves  and  control  valves,  provided  by  the  turbine 
manufacturer,  are  located  at  the  inlets  to  the  HP  and  IP  turbines.  Safety 
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valves,  provided  by  the  HR/SR  nanufscturer,  are  located  at  the  Superheater 
outlet  headers,  the  radiant  boiler  stean  drum,  and  the  Reheater  inlet  headers. 
Removable  blocking  devices  are  located  in  the  Reheat  lines  for  use  in  initial 
steam  blowout. 


The  Main  and  Reheat  Steam  System  piping  is  designed  with  welded  Joints  in 
accordance  with  ANSI  B31.1.  Valves  are  forged  alloy  steel  or  carbon  steel 
with  weld  ends  and  designed  in  accordance  with  ANSI  B16.34. 

Piping  materials  are  in  accordance  with  the  following: 


System 


Material-ASTH  No. 


Main  Steam 
Cold  Reheat 
Hot  Reheat 


Chrome  Moly  Steel  - A335 
Carbon  Steel  *■  A106 
Chrome  Moly  Steel  - A33S 


Valve  body  materials  are  compatible  with  pipe  materials. 


2.2.3  Electrical 


Motor-operated  valves  are  460  volts,  3 phase,  60  Hertz,  with  power  supplied 
from  480  volt  motor  control  centers.  Solenoid  valves  will  be  coordinated  with 
instrumentation  power  sources. 


The  main  generator  will  de'iver  153,653  KVA  at  22  kV,  3 phase  and  60  Hertz  via 
bus  duct  to  switchgear  for  the  main  plant  distribution  transformer.  Power  for 
the  turbine  generator  will  be  fed  back  to  the  turbine  switchgear  control 
panel . 


2.2.4  Instruments,  Controls,  and  Alarms 

The  Main  and  Reheat  Steam  System  is  provided  with  appropriate  instrumentation 
for  sensing  flow,  pressure  and  temperature  at  points  commensurate  with  good 
design  practice  to  monitor  system  performance. 

Level  control  instrumentation  is  provided  for  maintaining  design  water  level 
in  the  Radiant  Boiler  drum.  Feedwater  control  and  drum  level  controls  keep 
enough  water  entering  the  drum  to  produce  the  steam  being  released. 

A drain  pot  is  provided  on  the  low  point  of  the  cold  reheat  line  with  level 
switches  and  cutomatic  drain  control.  The  drain  pot  is  provided  with  a a 
diaphragm-operated  automatic  level  control  valve.  This  level  control  valve  is 
opened  for  startup  and  no-load  operation  of  the  main  steam  turbine.  This 
valve  automatically  closes  above  20  percent  (rising)  load.  There  are  two 
level  switches  on  the  drain  pot.  One  is  for  high  level  which  will  over-ride 
automatic  closure  and  open  the  valve.  If  the  level  continues  to  rise,  the 
second  switch  sounds  an  alarm  in  the  control  room,  and  initiates  water 
induction  prevention  fe.itures.  To  maintain  the  drain  pot  free  of  condensate 
during  normal  operation,  the  automatic  drain  valve  is  bypassed  with  a 
continuous  drain  orifice.  The  drain  orifice  prevents  nuisance  alarms  by 
allowing  small  flows  to  pass  avoiding  acounulation. 
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Provisions  sre  asde  for  obtaining  analysis  saaqiles  frost  the  steam  drum,  the 
superheater  inlet,  the  main  steam  header,  cold  reheat  header  and  the  hot 
reheat  header. 

The  operation  and  control  of  the  Main  and  Reheat  Steam  System  is  affected  by 
other  systems  and  equipment  supplied  by  the  HR/SR  and  turbine  manufacturers. 
Those  aystens  are  described  in  Section  1.2. 

The  equipment,  piping,  and  controls  for  these  systems  are  covered  in  the 
manufacturer's  instruction  books  and  certified  drawings.  Alarms,  controls, 
and  permissives  associated  with  those  systems  are  covered  in  this  SDD  only  to 
the  extent  that  these  devices  interface  with  other  equipment  in  the  main  or 
reheat  steam  system,  or  signal  the  main  control  room  for  alarm  or  indication. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  major  equipment  operating  limits  and  protective  devices  will  be  described 
and  included  in  System  Design  Descriptions  noted  in  Section  1.2. 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
required.  The  major  equipment  have  safety  and  relief  valves  or  expendable 
metal  diaphragms.  The  HR/SR  and  the  steam  turbine  generator  are  extensively 
protected  by  devices  supplied  by  the  manufacturers. 

3 . 2 HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  Main  and  Reheat 
Steam  System  other  than  those  normally  associated  with  high  pressure  and 
temperature  equipment  and  piping. 

3.3  PRECAUTIONS 

Startup,  oper..Lion,  and  shutdown  must  be  in  accordance  with  instructions 
received  from  manufacturers  furnishing  equipment  for  this  system. 

The  prevention  of  turbine  induction  water  damage  and  boiler/turbine 
temperature  mismatches  are  covered  in  other  System  Design  Descriptions  and  in 
manufacturer's  instructions. 

After  periods  of  layup  and  prior  to  startup  it  is  essential  that  all  steam 
system  drain  valves  be  opened. 


4.0 

MODES  OF  OPERATION 

4.1 

STARTUP 

Coordination  of  metal  temperatures  in  the  HR/SR,  main  steam  turbine,  and  steam 
piping  is  of  primary  importance  in  order  to  limit  thermal  stresses  which 
result  from  temperature  mismatches.  The  temperature  of  the  turbine  prior  to 
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startup  Biay  b«  at  any  level  between  roosi  teaperature  and  rated  temperature. 

The  HR/SR  can  be  under  a widely  varying  set  of  initial  pressure  conditions, 
which  affect  the  conditions  of  the  stean  supplied.  Because  of  the  nusMrous 
possible  startup  conditions,  general  categories  are  covered:  startup,  norsial 

operation  and  shutdown. 

Any  starting  situation  is  preceded  by  first  aligning  the  systen  for  normal 
operation.  This  would  include,  but  not  necessarily  be  limited  to,  the 
following: 

1.  Preboiler  cycle  cleanup  to  acceptable  purity  conditions. 

2.  HR/SR  filled  and  vented  at  startup  drum  level. 

3.  Operational  boiler  feed,  condensate,  and  circulating  water  systems. 

4.  The  main  steam  turbine  is  placed  on  turning  gear  and  is  rolling  prior  to 
admitting  gland  sealing  steam  and  establishing  a vacuum. 

5.  Auxiliary  Steam  System  is  functional  for  initial  deaeration,  turbine 
seals  and  for  system  warmup. 

6.  Main  condenser  vacuum  is  established  as  low  as  possible,  but  not  greater 
than  5.0  inches  Hg.  Abs. 

7.  When  main  steam  pressure  reaches  200  psig  minimum,  the  stop  valve 
bypasses  are  opened  to  initiate  prewarming  the  HP  turbine  casing, 
reducing  turbine  thermal  stresses.  This  is  done  while  the  turbine  is  on 
turning  gear.  Throughout  the  turbine  prewarming  operation,  turbine 
casing  metal  and  differential  temperatures  are  monitored,  recorded  and 
maintained  according  to  the  limits  set  by  the  turbine  manufacturer. 

8.  During  HR/SR  warmup  operation,  boiler  blowdown  is  monitored  to  check 
acceptable  solids  concentration  levels.  Steam  piping  is  warmed,  with  all 
drains  opened,  as  steam  pressure  increases. 

9.  Th?  turbine  may  be  rolled  off  turning  gear  when  the  inlet  steam 
conditions  at  the  turbine  throttle  valves  are  approximately  600  psig  with 
100°F  of  superheat.  This  will  provide  optimum  uniform  heating  and 
differential  expansion  rates  dictated  by  the  turbine  manufacturer. 

10.  The  turbine  is  accelerated  to  a rotor  warming  speed  and  held  until  the 
unit  is  satisfactorily  pre-warmed.  Acceleration  may  then  continue  to 
3600  rpm,  and  the  turbine  synchronized  and  loaded. 

4.2  NORMAL  OPFRATION 

The  normal  load  range  of  the  overall  plant  is  categorized  as  base  load  with 
very  little  part  load  operation  below  75  peicent.  The  plant  is  capable  of 
operating  satisfactorily  and  with  no  special  operator  action  in  the  event  of 
small  load  changes.  During  normal  operation  the  overall  plant  is  controlled 
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and  monitored  from  the  main  control  room.  Should  the  load  go  below  70  percent 
adminiatrative  action  would  be  required  to  decide  what  percentage  of  the  load 
the  topping  aide  or  bottoaiing  aide  would  ahare;  whether  the  bypaaa  ayatem 
ahould  be  initiated;  whether  the  turbine  and  ateam  piping  draina  are  to  be 
opened;  or  laatly,  if  the  unit  ahould  be  tripped. 

4.3  SHUTDOWN 

While  on  the  bypaaa  ayatem  and  during  an  operator-initiated  chutUown,  the 
plant  ia  brought  down  to  minimum  load,  and  the  turbine  ia  tripped. 

During  the  shutdown  process,  it  is  imperative  that  the  turbine  drains  and  main 
steam  and  reheat  startup  drains  be  opened  to  drain  all  moisture  from  the  steam 
lines. 

In  a normal,  controlled  shutdown  the  steam  line  drain  valves  open  at  about 
20  percent  turbine  generator  load.  On  a turbine  generator  trip  the  non-return 
valves  in  the  feedwater  heater  extraction  lines  will  close  automatically  and 
drain  valves  open  automatically.  Operator  attention  is  required  to  confirm 
operation  of  these  valves. 

During  long  periods  of  shutdown,  the  HR/SR  and  main  steam  piping  should  be 
blanketed  with  nitrogen  to  reduce  the  formation  of  corrosion  products  which 
can  cause  increased  mairtenance  problems. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

During  periods  of  operation  below  75  percent  plant  load  it  is  up  to  the 
judgement  of  the  control  room  operators  to  continue  operation  by  utilizing  the 
Steam  Bypass  System  up  to  the  full  capacity  of  the  system,  or  go  into  a 
controlled  shutdown  mode.  Below  (TBD)  percent  load  the  unit  must  go  into  a 
controlled  shutdown  mode. 

Host  of  the  steam  plant  equipment  is  redundant  or  can  be  bypassed  if  problems 
develop.  If  bypassed  equipment  upsets  the  performance  of  the  unit  or  tends  to 
degrade  the  I fe  of  other  apparatus,  then  the  control  room  opeiators  should 
consider  reducing  turbine  gene.ator  load,  or  proceed  into  a shutdown  mode. 

5 . 0 MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORM.\NCE  MONITORING 

An  in-house  computer  system  will  monitor  significant  data  points  in  the  Main 
and  Rehedt  Steam  System  to  parallel  the  .''utomatic  controls.  This  will  alert 
plant  operating  personnel  to  any  off-design  performance  or  operation. 

Periodic  calibration  and  maintenance  shall  be  carried  out  on  ell  analog  and 
digital  instrumentation  to  verify  computer  readout. 

5.2  INSERVICE  INSPECTION 

The  Superheater,  Reheater,  feedwater  heaters,  steam  turbines  and  all  piping, 
valves,  controls,  gauges,  pipe  supports  etc.,  shall  be  inspected  periodically 
during  system  operation  to  ascertain  th^t  the  subject  equipment  is  operating 
properly. 
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5.3  PREVENTATIVE  MAINTENANCE 

Conputerized  record  keeping  will  be  instituted  to  alert  the  operators  that 
certain  pieces  of  apparatus  need  periodic  overhaul,  repacking,  etc.,  depending 
on  the  reconaendations  of  the  equipswnt  aanufacturer.  In  general,  the  part 
will  be  replaced  during  planned  sh'itdovm  if  it  is  near  the  end  of  its 
recomDe'-ded  life  cycle. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A cocplete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  will  supply  lists  uf  recommended  spare  pirts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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MHD-ETF  PROJECT 
SYSTEM  DESIGN  DESCRIPTION 
MAIN  AND  PJHEAT  STEAM  SYSTEM 
APPENDIX  "A" 

REFERENCE  DOCUMENTS 

REFERENCE  DOCUMENTS  - ATTACHED 

Fluid  System  Diagrams  Diagram  No. 

Main  and  Reheat  Steam  8270-1-501-302-011 

REFERENCE  DOCUMENTS  - NOT  ATTACHED 

S^’^stem  Design  Description 

Extraction  Steam 
Auxiliary  Steam 
Boiler  Feedwater 
Miscellaneous  Drains  & Vents 

Plant  Heat  & Flow  Balance  Diagram 

System  Heat  Balance  8270-1-5A0-31A-001 

ASME  Standard  No.  TDP-1-1980  "Recommended  Practices  for  the  Prevention 
of  Water  Damage  to  Steam  Turbines  Used  for  Electric  Power  Generation"; 
Part  1 - Fossil  Fueled  Plants 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  document  presents  a description  of  the  Steam  Bypass  and  Startup  System  as 
depicted  on  Fluid  System  Diagram  8270-1-504-302-031,  Steam  Bypass  and  Startup. 
The  docuaient  includes  descriptions  of  system  functions,  interfaces  with  other 
systems,  equipment  and  piping  requirements,  design  criteria,  cosqponents, 
operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Steam  Bypass  and  Startup  System  is  designed  to  allow  50  percent  of  full 
load  main  steam  to  be  bypassed  to  the  main  condenser.  The  system  is  designed 
to  c*;>erate  during  any  of  the  following  plant  conditions:  cold  start,  warm 

start,  hot  restart,  load  rejection,  quick  shutdown  of  the  turbine,  and  unit 
trip.  This  bypass  capability  minimizes  turbine  startup  time  and  helps 
maintain  HHD  cycle  and  HR/SR  boiler  stability  during  transient  operating 
conditions  in  the  turbine  cycle. 

1.2  SYSTEM  INTERFACES 

Major  equipment  involved  with  the  Steam  Bypass  and  Startup  System  include  the 
High  Pressure  (HP)  and  Intermediate  Pressure  (IP)  Turbine,  the  Reheater,  the 
desuperheaters  and  the  Main  Condenser.  These  components  are  described  in  the 
System  Design  Descriptions  which  interface  with  the  Steam  Bypass  and  Startup, 
namely  Main  and  Reheat  Steam,  and  Condensate.  The  Steam  Bypass  and  Startup 
System  also  interfaces  with  the  Heat  Recovery/Seed  Recovery  (HR/SR)  and  Boiler 
Feedwater  Systems. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure/temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components . 

Engineering  design  criteria  for  all  disciplines  are  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  governmental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 
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1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  "pipe  sizing"  flow  rates  are  taken 
from  the  System  Heat  Balance  Diagram  and  tabulated  on  the  Fluid  System  Diagram 
8270-1-504-302-031.  Flow  rates  are  those  occurring  during  turbine  valves  wide 
open  with  the  HR/SR  steam  outlet  at  maximum  continuous  rating  conditions. 

Steam  velocity  is  designed  to  be  approximately  1,000  feet  per  minute  per  inch 
of  internal  pipe  diameter. 

2.0  DESIGN  DESCRIPTION 

The  Steam  Bypass  and  Startup  System  consists  of  piping,  valves, 
desuperheaters,  controls,  and  instramentation.  The  major  equipment  components 
are  covered  in  System  Design  Descriptions  noted  in  Section  1.2. 

2.1  SUMMARY  DESCRIPTION 

The  Steam  Bypass  and  Startup  System  consists  of  two  stages:  the  HP  bypass 

stage  which  routes  steam  from  the  main  steam  header  upstream  of  the  HP  turbine 
to  the  cold  reheat  header,  and  the  IP  bypass  stage  which  routes  steam  from  the 
hot  reheat  header  upstream  of  the  IP  turbine  to  the  main  condenser. 

Desuperheating  water  for  the  HP  bypass  stage  is  taken  from  the  boiler 
feedwater  pump  discharge.  The  desuperheater  line  has  a temperature  control 
valve  which  regulates  the  flow  to  maintain  the  steam  temperature  approximately 
at  cold  reheat  conditions.  A pressure  control  valve  is  provided  to  ensure 
constant  inlet  pressure  to  the  temperature  control  valve. 

The  IP  bypass  stage  is  similar  to  the  HP  bypass  stage,  except  that  a stop 
valve  is  provided  downstream  of  the  IP  bypass  pressure  control  valve.  The 
stop  valve  is  used  to  shut  down  the  system  during  emergency  conditions. 

Attemperation  of  the  IP  bypass  steam  from  the  hot  reheat  is  accomplished  by 
feedwater  taken  from  the  same  feedwater  pump  interstage  bleed  used  for  reheat 
desuperheating.  The  desuperheating  water  is  injected  into  the  IP  bypass  line 
downstreai.i  of  the  stop  valve.  Desuperheating  water  flow  is  controlled  by  a 
single  flow  control  valve  whi..h  is  modulated  to  produce  a flow  that  is 
adequate  to  maintain  steam  temperature  at  approximately  350®F. 

Both  HP  and  IP  bypass  stages  are  interlocked  so  that  no  steam  car  be  bypassed 
if  desuperheating  spray  water  pressure  is  inadequate  or  flow  is  disrupted. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

With  the  exception  of  the  equipment  noted  in  Section  1.2,  the  Steam  Bypass  and 
Startup  System  consists  of  piping,  valves,  desuperheaters,  and  controls.  The 
desuperheaters  are  of  a standard  manufactured  design  adequate  for  the  service 
conditions . 


2 


SDD-031 


HP  Desuperheaters 

Quantity 

1 

Type 

Mfgr.  Std. 

Maximum  Steam  inlet  flow 

535,496  Ib/hr 

Maximum  Steam  inlet  temp. 

1005"F 

Design  Steam  Pressure 

500  psig 

Steam  Outlet  temp. 

450«F 

Flow  range 

10-105X 

Water  Supply  teaip.,  max. 

310®F 

Water  flow  rate,  max. 

165  gpm 

IP  Desuperheaters 

Quantity 

1 

Type 

Mfgr.  Std. 

Maximum  Steam  inlet  flow 

610,904  Ib/hr 

Maximum  Steam  inlet  temp. 

1000®F 

Design  Steam  Pressure 

150  psig 

Steam  Outlet  temp. 

350®F 

Flow  range 

10-105% 

Water  Supply  temp.,  max. 

215*F 

Water  flow  rate,  max. 

417  gpm 

2.2.2  Piping  and  Valves 

The  Stean  Bypass  and  Startup  System  is  designed  with  welded  joints  in 
accordance  with  ANSI  B31.1.  Piping  materials  are  ASTM  A 335  Grade  P22  for  all 
steam  pipes  and  ASTM  106  Grade  B for  desuperheating  water  pipes.  All  piping 
is  sloped  downwards  in  the  direction  of  flows  to  prevent  water  accumulation. 

All  valves  are  selected  to  be  compatible  with  piping  materials. 

2.2.3  Electrical 

The  HP  bypass  desuperheating  motor-operated  valve  is  provided  with  460  volt,  3 
phase,  60  Hz  power  supplied  from  the  480  volt  motor  control  centers. 

2.2.4  Instruments,  Controls,  and  Alarms 

The  Steam  Bypass  and  Startup  System  is  provided  with  appropriate 
instrumentation  for  sensing  pressure,  temperature  and  flow.  Proper  control 
and  operation  of  the  system  is  ensured  by  quick  acting,  positive  response 
control  valves  and  transmitters. 

A pressure  controller  is  providou  for  operating  the  HP  bypass  valve.  This 
pressure  controller  receives  a signal  from  a pressure  transmitter  on  the  main 
steam  header.  If  the  main  steam  header  pressure  exceeds  the  controller  set 
point,  the  pressure  controller  opens  the  HP  bypass  valve. 

A temperature  transmitter  is  located  in  the  HP  bypass  line  downstream  of  the 
desuperheating  injection  valve.  The  temperature  transmitter  is  interlocked 
with  a temperature  controller  which  activates  the  spray  control  valves  and  the 
desuperheating  pressure  control  valve  to  open  or  close. 
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A pressure  differential  controller  is  provided  to  operate  the  IP  bypass  valve 
according  to  the  pressure  signals  coaing  froa  the  HP  turbine  inlet  and  the  hot 
reheat. 

A temperature  controller  located  downstream  froa  the  IP  desuperheater, 
regulates  the  water  spray  to  liait  the  steam  temperature  to  design  conditions. 

Flow  transmitters  are  located  in  the  IP  steam  line  and  the  desuperheating 
water  line.  Both  transmitters  are  interlocked  with  the  pressure  differential 
controller,  to  ensure  that  water  flow  is  adequate  for  the  steam  being 
bypassed. 

Temperature  and  pressure  limit  switches  are  installed  in  the  IP  bypass  line  to 
the  condenser  to  alarm  and  shut  down  the  system  should  abnormal  temperature 
and  pressure  conditions  develop.  Also,  pressure  and  temperature  sensors  on 
the  condenser  are  interlocked  with  the  controls  for  protection. 

Both  HP  and  IP  bypass  stages  are  provided  with  annunciating  alarms  in  the  main 
control  room.  The  alarms  are  activated  when  steam  temperature  approaches  a 
predetermined  high  high  point. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  ’’VICES 

The  IP  bypass  stage  has  an  extensive  safety  system  designed  to  protect  the 
main  condenser  from  abnormal  operating  conditions.  Should  desuperheating 
water  flow  be  inadequate,  a flow  transmitter  (located  across  an  orifice  in  the 
desuperheating  line)  will  close  the  IP  bypass  pressure  control  valve.  A 
second  line  of  safety  is  provided  by  the  bypass  stop  valve  which  is  closed  on 
high  pressure  by  a vacuum  switch  in  the  condenser,  or  by  the  pressure  and 
temperature  switches  located  in  the  steam  discharge  line  to  the  condenser. 

To  protect  the  HP  turbine  against  steam  from  the  cold  reheat  system  during 
bypass  operation,  a check  valve  is  installed  in  the  reheat  line  near  the 
turbine . 

3 . 2 HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  Steam  Bypass  and 
Startup  System  beyond  those  normally  observed  in  conjunction  with  high 
temperature  and  high  pressure  piping. 

3.3  PRECAUTIONS 

There  are  no  special  precautions  for  safe  operation  of  the  Steam  Bypass  and 
Startup  System.  Startup,  normal  operation  and  shutdown  must  be  in  accordance 
with  instructions  received  from  the  HR/SR,  turbine,  and  condenser 
manufacturers . 


U 


SDD-031 


4.0  MODES  OF  OPERATION 

4.1  STARTUP 

Startup  of  the  Stean  Bypaaa  and  Startup  System  can  be  initiated  manually  or 
automatically.  Manual  operation  is  required  during  a turbine  or  plant  startup 
from  any  of  the  following  conditions:  cold  startup,  warm  startup  and  hot 

restart.  Automatic  operation  of  the  system  is  initiated  when  the  main  turbine 
trips  or  when  there  is  a sudden  load  rejection  which  results  in  excess 
pressure  buildup  in  the  main  steam  system. 

The  automatic  mode  of  the  Steam  Bypass  and  Startup  System  is  controlled  by  the 
HR/SR  superheater  pressure  controller,  turbine  throttle  valve,  and  hot  reheat 
pressure  controller.  An  unbalance  between  the  HR/SR  steam  output  and  the  HP 
turbine  inlet  results  in  a main  steam  pressure  increase.  If  this  increase 
exceeds  a preselected  setpoint,  (such  as  would  occur  on  a turbine  trip)  the  HP 
bypass  valves  open  to  admit  steam  to  the  cold  reheat  header.  Steam  flowing  to 
the  reheater,  raises  the  hot  leheater  pressure.  When  the  hot  reheat  pressure 
rises,  the  preselected  pressure  difference  required  between  the  HP  turbine 
inlet  and  the  hot  reheat  is  not  met,  and  the  IP  bypass  controller  will  open 
the  bypass  valves  to  allow  steam  bypass  to  the  main  condenser.  Flow  is 
limited  to  approximately  SO  percent  of  main  steam  flow  by  equipment  and 
piping. 

During  the  cold  startup  phase,  (initial  metal  temperature  of  the  HP  turbine 
casing  less  than  300  F)  the  set-point  pressure  of  the  HP  bypass  pressure 
control  is  adjusted  from  the  control  room  to  match  the  live  steam  pressure. 
With  steam  flow  established  through  the  reheater,  the  turbine  is  gradually 
warmed  up  and  brought  up  to  synchronization  speed.  After  final  checks  have 
been  made,  the  turbine  is  synchronized  and  loaded,  and  the  bypass  system  flow 
gradually  reduced  as  load  is  increased.  Amount  of  flow  will  be  determined  by 
the  MHD  power  train  requirements. 

Warm  startup  is  defined  as  when  the  metal  temperature  of  the  HP  turbine  casing 
is  above  300  F.  The  procedure  for  th?  operation  of  the  Steam  Bypass  and 
Startup  System  is  the  same  as  for  cold  startup.  However,  a faster  startup 
time  between  the  first  turbine  roll  and  full  load  is  possible  with  warm 
startup. 

Hot  restart  may  be  necessary  if  a minor  failure  tripped  the  unit.  On  a 
turbine  trip,  the  throttle  valve  automatically  closes,  causing  the  pressure  to 
build  up  in  the  HR/SR  superheater  outlet  header.  On  rising  pressure,  the 
bypass  valves  open  quickly  and  the  desuperheating  spray  control  valves  will 
automatically  regulate  the  transient  steam  temperature. 

If  the  fault  is  remedied  within  a short  time,  the  steam  flow  can  be  returned 
to  the  turbine  quickly  (Since  the  turbine  metal  temperature  is  still  near  to 
full  load  temperature)  and  turbine  loading  restored  within  the  manufacturer's 
rate  limits.  Bypass  flow  is  reduced  as  loading  is  increased. 
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4.2  NORMAL  OPERATION 

The  Steam  Bypaia  and  Startup  System  is  considered  to  be  operating  norsully 
when  it  maintains  bypassed  steam  conditions  within  a predetermined  range. 

Normal  operation  of  the  Steam  Bypass  and  Startup  System  can  be  expected  during 
cold  startup,  warm  startup,  and  hot  restart.  Emergency  plant  conditions  such 
as  a unit  trip,  turbine  trip  or  sudden  rejection  of  load  will  initiate 
transient  operating  conditions  which  may  cause  the  system  to  operate  quickly 
and  a momentary  deviation  from  normal  design  conditions  could  occur  until 
system  stability  is  restored. 


4.3  SHUTDOWN 

The  Steam  Bypass  System  will  shut  down  automatically  when  HR/SR  main  steam 
outlet  conditions  are  restored  to  normal.  The  system  can  also  be  shutdown 
from  the  main  control  room  by  remote  operation  of  the  control  valves. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Normally,  the  Steam  Bypass  and  Startup  System  is  designed  to  handle  50  percent 
of  the  rated  steam  flow.  This  steam  flow  is  sufficient  to  assure  stable  run 
up  and  loading  characteristics  and  to  allow  load  rejection  without  blowing  the 
HR/SR  safety  valves. 

Should  a turbine  generator  trip  occur,  the  Bypass  System  will  not  be  able  to 
accommodate  all  of  the  flow  from  the  sudden  load  rejection  and,  consequently, 
the  safety  valves  will  blow  to  relieve  the  excess  steam. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

An  in-house  computer  system  will  monitor  the  steam  temperature  after  steam 
leaves  the  HP  and  IP  desuperheaters.  This  will  alert  plant  operating 
personnel  to  any  off-design  p..*rformance  or  operation. 

5.2  INSERVICE  INSPECTION 

All  piping,  valves,  controls,  gauges,  pipe  supports,  etc.,  shall  be  visually 
inspected  periodically  during  system  operation  to  ensure  that  the  subject 
equipment  is  operating  properly. 

5.3  PREVTNTATIVE  K.AINTENANCE 

Since  the  Steam  Bypass  and  Startup  System  is  mainly  a piping  and  valve  system, 
and  IS  not  expected  to  operate  frequently,  little  maintenance  is  anticipated. 

Other  than  an  annual  maintenrnce  program,  a frequent  preventative  maintenance 
program  is  not  essential. 
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5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manuficturer* 1 Initructiong 

A coaplete  file  of  instruction  books  will  be  svsilsble  st  the  plant  to  guide 
plant  personnel  in  naintenance  of  any  piece  of  equipnent.  If  necessary,  a 
representative  of  the  manufacturer  can  be  present  to  supervise  the  overhaul  or 
replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

Manufacturers  will  supply  lists  of  reconnended  spare  parts.  Critical  parts 
and  parts  requiring  long  lead  (delivery)  times  will  be  kept  in  inventory  at 
the  plant. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMEKTS 

This  docuBient  presents  a description  of  the  Extraction  Steam  System  as 
depicted  on  Fluid  System  Diagram  8270-1-503-302-041,  Extraction  Steam.  The 
document  includes  descriptions  of  system  functions,  interfaces  with  other 
systems,  equipment  and  piping  requirements,  design  criteria,  description  of 
components,  operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Extraction  Steam  System  is  designed  to  convey  steam  extracted  from  the 
main  steam  turbine  to  the  regenerative  feedwater  heaters  through  piping  and 
valves  as  follows: 

From  High  Pressure  (HP)  Turbine  exhaust  to  Heaters  4A  and  4B, 

From  Intermediate  Pressure  (IP)  Turbine  to  Heaters  3A  and  3B, 

From  IP  Turbine  to  Heaters  2A  and  2B, 

From  Low  Pressure  (LP)  Turbine  to  the  Deaerating  Heater  (Heater  1). 

1.2  SYSTEM  INTERFACES 

Major  equipment  components  involved  with  the  Extraction  Steam  System  include 
the  HP,  IP,  and  LP  turbines,  regenerative  feedwater  heaters,  and  the  deaerator 
and  storage  tank.  These  components  are  described  in  the  System  Design 
Descriptions  which  interface  with  Extraction  Steam,  namely  Main  and  Reheat 
Steam,  Boiler  Feedwater,  and  Condensate.  Extraction  Steam  also  interfaces 
with  other  major  systems  such  as  Auxiliary  Stean,  Feedwater  Heater  and 
Miscellaneous  Drains  and  Vents,  and  Feedwater  Heater  Drips. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components . 

Engineering  design  criteria  for  all  disciplines  is  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  governmental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  t.^  < following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  cf  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 
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7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Heat  Exchange  Institute  (HEI) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  "pipe  sizing"  flow  rates  are  taken 
from  the  plant  heat  and  flow  balance  diagram  and  tabulated  on  the  fluid  system 
diagram  8270-1-503-302-041.  Flow  rates  are  those  occurring  during  main  steam 
turbine  valves  wide  open  with  the  Heat  Recovery/Seed  Recovery  (HR/SR)  steam 
outlet  at  maximum  continuous  rating  conditions.  Extraction  pipe  sizing  is 
based  on  pressure  drop,  as  a percent  of  normal  (design)  extraction  pressure, 
and  a steam  velocity  limited  to  1,000  feet  per  minute  per  inch  of  internal 
diameter.  Pressure  drops  are  limited  to  a range  of  approximately  3 percent  to 
6 percent  of  the  extraction  pressure  at  the  turbine  nozzles. 

2.0  DESIGN  DESCRIPTION 

The  Extraction  Steam  System  consists  of  piping,  valves  and  controls.  The 
major  equipment  components  are  covered  in  System  Design  Descriptions  noted  in 
Section  1.2. 

2.1  SUMMARY  DESCRIPTION 

Steam  is  extracted  from  the  main  steam  turbine  for  regenerative  feedwater 
heating.  Four  stages  of  extraction  steam  are  provided. 

The  first  extraction  is  from  the  Low  Temperature  or  Cold  Reheat  System  which 
comes  from  the  exhaust  of  the  HP  turbine.  This  extraction  provides  steam  to 
feedwater  heaters  4A  and  4B.  The  extraction  pipe  takeoff  from  the  cold  reheat 
header  is  a single  line  which  divides  into  two  branches  to  the  inlets  of 
heaters  4A  and  4B. 

The  second  extraction  point  is  from  the  IP  turbine,  and  it  provides  steam  to 
feedwater  heaters  3A  a.nd  3B.  The  extraction  line  from  the  IP  •‘urbine  is  a 
single  pipe  which  divides  into  two  branches  to  the  inlets  of  heaters  3A  and 
3B. 


The  third  extraction  xs  also  from  the  IP  turbine  and  it  provides  steam  to 
feedwater  heaters  2A  and  2B.  This  extraction  line  from  the  IP  turbine  is  a 
single  pipe  which  divides  into  two  branches  to  the  inlets  of  heaters  2A  and 
2B. 

The  fourth  extraction  is  from  the  IP  turbine  and  provides  steam  to  the 
deaerator  (heater  number  1).  The  extraction  steam  comes  from  two  equal  points 
on  the  double-flow  LP  turbine  which  are  joined  together  inside  the  main 
surface  condenser  as  one  pipe,  passing  through  the  condenser  wall  (with  a 
bulkhead  expansion  joint)  to  the  deaerator. 

Turbine  protection  from  overspeed  on  a turbine  trip,  caused  by  reverse  flow  of 
flash  steam  from  the  heaters  through  the  extraction  piping  to  the  turbine,  is 
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provided  through  the  use  of  positive  closing,  balanced  disc,  non-return  valves 
located  in  all  extraction  lines.  The  extraction  non-return  valves  are  located 
only  in  horizontal  runs  of  piping  and  as  close  to  the  main  steam  turbine  as 
possible. 

Water  is  prevented  from  entering  the  turbine,  while  it  is  operating,  through 
the  use  of  motor-operated  gate  valves  in  each  branch  of  the  extraction  piping. 
The  motor-operated  gate  valves  close  automatically  on  hijjti  level  signal  from  a 
level  switch  located  on  the  heater  being  supplied  with  extraction  steam.  The 
high  water  level  switch  will  also  energize  the  solenoid  of  the  air  cylinder  to 
close  the  non-return  valve,  and  actuate  an  alarm  in  the  control  room.  The 
irotor-operated  gate  valve  position  limit  switch  opens  the  drain  valves  on  the 
corresponding  extraction  steam  drain  manifold  to  the  condenser. 

Control  switches,  for  remote-manual  operation,  are  provided  in  the  control 
room  for  each  motor-operated  gate  valve.  This  remote-manual  valve  operation 
also  de-energizes  the  solenoid  on  the  air  cylinder  thus  closing  the  non-return 
valve.  The  valves  cannot  be  returned  to  their  normal  positions  until  the  high 
water  level  switch  indicates  that  the  water  level  has  fallen  to  its  normal 
operating  position. 

A turbine  trip  signal  also  automatically  closes  the  non-return  valves  through 
relay  dumps.  The  remote-manual  control  for  each  heater  level  control  system 
is  used  to  release  the  non-return  valves  to  normal  check  valve  service  when 
required  to  restart  the  system. 

Drains  are  provided  at  low  points  on  the  turbine  side  of  the  motor-operated 
gate  valves  and  the  non-return  valves.  These  drains  include  drain  pots  with 
level  switches,  automatic  drain  valves,  and  high  level  alarms. 


2.2  DETAILED  DESCRIPTION 


2.2.1  Major  Equipment 

Major  equipment  components  shown  on  the  Extraction  Steam  System  diagram  are 
the  deaerator  and  storage  tank,  main  steam  turbine  (HP,  IP,  and  LP  cesings), 
and  tlie  feedwater  heaters.  These  items  are  described  in  the  following  System 
Design  Descriptions: 


Item 


System  Design  Fluid 

Description  System  Diagram 


Deaerator  and  Storage  Tank 
Main  Turbire 

Feedwater  heaters 


Condensate  System 
Main  & Reheat 
Steam  System 
Boiler  Feedwater 
System 


8270-1-511-302-101 

8270-1-501-302-011 

8270-1-521-302-081 
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2.2.2  Piping  and  Valves 

The  extraction  non-return  valves  are  free  flowing,  swinging  disc,  non-return 
valves  with  piston  operators,  which  are  activated  by  control  signals  as 
described  in  Section  2.1.  These  valves  are  designed  in  accordance  with  ANSI 
B16.34.  The  shaft-to-disc  connections  are  designed  in  such  a way  that  the 
valve  will  perform  like  an  ordinary  check  valve  when  air  is  applied  to  the 
piston.  Upon  loss  of  air,  spring  action  forces  the  disc  toward  the  closed 
position. 


Extraction  Steam  System  valves  are  arranged  for  isolation  of  all  feedwater 
heaters.  These  motor-operated  gate  valves  are  forged  steel  with  butt-weld 
ends.  Vent,  drain,  and  instrument  valves  are  forged  steel,  welded  end  globe 
valves  designed  in  accordance  with  ANSI  B16.34. 

The  extraction  steam  system  piping  is  designed  with  welded  joints  in 
accordance  with  ANSI  B31.1. 

Piping  materials  are  in  accordance  with  the  following: 

Extraction  Material  - ASTM  No. 


No.  4 Heaters  - Cold  Reheat 
No.  3 Heaters  - IP  Extraction 
No.  2 Heaters  - IP  Extraction 
No.  1 (Deaerator)  - LP  Extraction 


Carbon  Steel  - A106 
Chrome  Moly  Steel  - A335 
Chrome  Moly  Steel  - A335 
Carbon  Steel  - A106 


Valve  body  materials  are  compatible  with  pipe  material. 

2.2.3  Electrical 

Motor-operated  valves  are  460  volt,  3 phase,  60  Hz,  with  power  supplied  from 
the  480  volt  motor  control  centers.  Solenoid  valves  will  be  coordinated  with 
instrumentation  power  sources. 

2.2.4  Instruments,  Controls  and  Alarms 

The  Extraction  Steam  System  is  provided  with  appropriate  instrumentation  for 
sensing  level,  pressure,  and  temperature  at  points  commensurate  with  good 
design  practice  to  monitor  system  performance.  Pressure  and  temperature 
sensors  are  located  on  the  steam  inlet  to  each  feedwater  heater  and  the 

signals  transmitted  to  the  control  room  computer.  Controls  for  the  various 

valves  are  described  in  Section  2.1. 

The  extraction  non-return  valves  and  the  motor-operated  valves  described 
herein  are  interlocked  with  control  signals  and  alarms  which  are  described  in 
the  System  Design  Description  tor  the  Feedwater  Heater  Drips  System  and  shown 
on  Fluid  System  Diagram  8270-1-525-302-111. 

The  drain  pot  automatic  drain  valves  are  opened  on  a high  level  signal  from 
the  drain  pot  level  switch.  Level  alarms  (which  annunciate  in  the  main 
control  room),  are  provided  for  each  drain  pot  level  switch  described  in 
Section  2.1. 
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3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  major  equipment  operating  limits  and  protective  devices  will  be  described 
and  included  in  System  Design  Descriptions  noted  in  Section  1.2. 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
required. 


3.2  HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  Extraction  Steam 
System  beyond  those  normally  observed  in  conjunction  with  high  temperature  and 
high  pressure  piping. 

3.3  PRECAUTIONS 

The  requirements  and  reconsnendations  for  the  prevention  of  water  induction 
into  the  steam  turbines  (ASHE  Standard  No.  TDP-1-1980)  has  been  included  in 
the  system  design  and  must  be  followed  in  the  operation  of  the  Extraction 
Steam  System. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

Steam  for  deaeration  may  be  provided  initially  from  the  Auxiliary  Steam  System 
which  is  replaced  by  steam  from  the  main  turbine  extraction  system  when  the 
unit  is  above  approximately  50  percent  load. 

The  Extraction  Steam  System  and  the  associated  feedwater  heaters  are  prepared 
for  operation  by  placing  control  switches  for  all  stop,  non-return,  and  level 
control  valves  in  the  "Normal"  position.  The  drain  valves  in  the  Extraction 
Steam  System  must  all  be  in  the  open  position.  The  heater  vents  must  be  open 
to  the  condenser.  As  steam  flow  is  increased  in  the  main  steam  turbine,  steam 
will  begin  to  flow  into  the  feedwater  heaters.  When  the  individual  extraction 
lines  are  warmed  and  the  drains  are  cleared,  the  drain  valves  and  startup 
vents  are  closed.  Drain  pot  automatic  drain  valves  and  heater  level  controls 
are  returned  to  the  automatic  mode. 

A hot  startup  condition  occurs  when  there  is  residual  heat  in  the  entire  power 
plant  and  the  time  frame  is  only  limited  by  the  rate  at  which  the  HR/SR  can  be 
heated  and  the  main  steam  turbine  can  resume  load.  The  starting  procedures 
are  the  same  as  for  an  initial  start  except  the  piping  and  equipment  can  come 
up  to  operating  temperature  more  quickly. 

4.2  NORMAL  OPERATION 

The  normal  load  range  of  the  steam  turbine  generator,  and  consequently  the 
Extraction  Steam  System,  is  categorized  as  base  load  with  very  little  part 
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load  operation  below  7S  percent  total  plant  load.  Should  the  unit  be  operated 
below  this  level,  adoiinistrative  action  will  verify  that  drain  valves  have 
opened  automatically  at  20  percent  and  lower  load  ratings. 

The  Extraction  Steam  System  is  capable  of  operating  satisfactorily  and  with  no 
special  operator  action  in  the  event  of  load  changes  on  the  Unit. 

A. 3 SHUTDOWN 

In  a normal,  controlled  shutdown  the  steam  line  drain  valves  are  opened  at 
about  20  percent  load  on  the  steam  turbine  generator.  No  other  operator 
action  is  required.  On  a steam  turbine  generator  trip  the  stop  and  non-return 
valves  will  close  automatically  and  the  drain  valves  open  automatically. 
Operator  attention  is  required  to  confirm  proper  operation  of  these  valves. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

The  Extraction  Steam  System  valves  and  controls  are  designed  to  prevent  water 
induction  and  steam  reverse  flow  from  entering  the  main  steam  turbine 
following  a turbine  trip.  A high  feedwater  level  in  a heater  diverts  incoming 
drains  directly  to  the  main  condenser.  A very  high  feedwater  heater  level 
closes  the  non-return  valve(s)  and  the  stop  valve  and  opens  the  extraction 
piping  drain  valves.  This  effectively  removes  the  heater  from  the  system  and 
prevents  water  induction  into  the  main  steam  turbine.  On  a main  steam  turbine 
trip,  extraction  non-return  and  stop  valves  are  closed  to  prevent  steam  from 
flowing  back  into  the  turbine  which  could  cause  overspeed. 

A half  string  of  3 feedwater  heaters  can  be  isolated  for  inspection  or  service 
by  bypassing  the  feedwater  and  closing  the  steam  and  water  valves.  To  return 
the  heaters  to  service  the  non-return  valves  are  released  and  the  line 
pressures  balanced  with  the  stop  valves. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

An  in-house  computer  system  will  monitor  significant  data  points  in  the 
Extraction  Steam  System  to  parallel  the  automatic  controls.  This  will  alert 
plant  operating  personnel  to  any  off-design  performance  or  operation. 

Periodic  calibration  and  maintenance  shall  be  carried  out  on  all  analog  and 
digital  instrumentation  to  verify  computer  readout. 

5.2  INSERVICE  INSPECTION 

All  piping,  valves,  controls,  gauges,  pipe  supports,  etc.,  shall  be  inspected 
periodically  during  system  operation  to  ascertain  that  the  subject  equipment 
is  operating  properly. 
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5.3  PREVENTATIVE  MAINTENANCE 

Coaputerized  record  keeping  will  be  ioRtituted  to  alert  the  operators  that 
certain  pieces  of  apparatus  need  periodic  overhaul,  repacking,  etc.,  depending 
on  the  recoonendations  of  the  equipaent  manufacturer.  In  general,  equipment 
parts  will  be  replaced  during  planned  shutdown  if  they  are  near  the  end  of 
their  recooaiended  life  cycle. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Initructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  ouinafacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipawnt. 

5.4.2  Spare  Parts  Inventory 

The  Hianufacturers  will  supply  lists  of  recommended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuaent  presents  a description  of  the  Auxiliary  Stean  Systen  as  depicted 
on  Fluid  Systea  Diagram  8270-l-S07-302~0Sl , Auxiliary  Steam.  The  document 
includes  descriptions  of  system  functions,  interfaces  with  other  systems, 
equipment  piping  requirements,  design  criteria,  description  of  components, 
operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Auxiliary  Steam  System  is  designed  to  provide  two  levels  of  low  pressure 
steam  (100  psig,  3S0^F  and  AO  psig,  300^F  to  SOO^F),  primarily  for  assisting 
cold  startup  of  the  plunt.  This  steam  will  be  conveyed  from  the  auxiliary 
boilers  or  f'om  the  main  cycle  through  piping  and  valving  to  the  following  end 
points  for  utilization: 

1.  Building  Heating  Steam 

2.  Flue  Gas  Sampling 

3.  Steam  Coil  Air  Preheater 

4.  Vitiated  Air  Preheater 

5.  Boiler  Feedwater  Pump  Turbines 

6.  Main  Deaerator  and  Storage  Tank 

7.  Auxiliary  Deaerator  Sparging  System 

8.  Condensate  Demineralizers 

9.  Steam  Coil  Supply 

10.  Auxiliary  Boiler  Deaerator  Steam  Supply 

11.  Main  Turbine  Gland  Seal  Steam 

12.  Main  Turbine  Warm-up  Steam 

13.  ASU  Compressor  Turbine  and  Vaporizer 

14.  Oxidant  Compressor  Turbines 

Steam  supply  will  be  from  two  light  oil  fired  boilers  each  capable  of 
135,000  Ib/hr  maximum  continuous  rating  at  100  psig,  350**F. 

1.2  SYSTEM  INTERFACES 

Major  plant  equipment  components  which  interface  with  the  Auxiliary  Steam 
System  include  the  High  Pressure  (HP),  Intermediate  Pressure  (IP),  and  the  Low 
Pressure  (LP)  turbines,  and  the  main  cycle  deaerator  and  storage  tank.  These 
components  are  described  in  the  System  Design  Descriptions  which  interface 
with  Auxiliary  Steam,  namely  Main  and  Reheat  Steam,  and  Condensate.  Auxiliary 
Steam  also  interfaces  with  other  systems  such  as  Feedwater  Heaters, 
Miscellaneous  Drains,  Vents  and  Reliefs,  Plant  Makeup  Water,  HVAC,  and  Boiler 
Flue  Gas. 


1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components.  Engineering  design  criteria  for  all  disciplines  are  in  accordance 
with  applicable  codes,  standards,  regulations  and  guides  issued  by 
governmental  agencies,  recognized  standards  organizations,  and  Gilbert 
Associates,  Inc. 
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1.3.1  Codes  and  Standards 

Systea  engineering  design  is  in  sccordsnce  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations. 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  pipe  sizing  flow  rates  are  taken  from 
the  design  requirements  for  the  various  auxiliary  steam  uses.  The  steam  load 
requirements  during  startup  are: 


Normal 

Ib/hr  X 1000 

1. 

Building  Heating  Steam 

31.0 

2. 

Flue  Gas  Sampling 

0.1 

3. 

Steam  Coil  Air  Preheater 

22.6 

4. 

Vitiated  Air  Preheater 

0.2 

5. 

ASU  Turbine  Seals,  Warming 

5.0 

6. 

Main  Deaerator  and  Storage  Tank 

30.0 

7. 

Auxiliary  Deaerator  Sparging 

8.0 

8. 

Condensate  Demineralizers 

3.0 

9. 

Steam  Coil  supply 

10.0 

10. 

Auxiliary  Boiler  Deaerator  steam 

supply  10.0 

11. 

Main  Turbine  Gland  Seal  Steam 

10.0 

12. 

Main  Turbine  Warmin'  Steam 

10.0 

13. 

ASU  Services,  Oxygen  Vaporizer 

20.0 

Auxiliary  Steam  System  pipe  sizing  is  based  on  pressure  drop,  as  a percent  of 
normal  (design)  pressure  and/or  steam  velocity  which  is  limited  to  1,000  feet 
per  minute  per  inch  of  internal  diameter.  Condensate  return  piping  has  a 
water  velocity  limitation  of  10  ft/sec. 

2 . 0 DESIGN  DESCRIPTION 

The  Auxiliary  Steam  System  consists  of  the  auxiliary  boilers,  auxiliary  boiler 
deaerator  and  storage  tank,  auxiliary  boiler  feedwater  pumps,  piping,  valves, 
and  controls.  Other  equipment  components  which  interface  with  Auxiliary  Steam 
are  covered  in  the  System  Design  Descriptions  noted  in  Section  1.2. 
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2.1  SUMMARY  DESCRIPTION 

The  Auxiliary  Steaa  Systea  will  provide  low  preaaure  ateaa  froa  two  oil  fired 
auxiliary  boilera.  This  ateaa  will  be  used  by  the  atatioo  services  noted  in 
Section  1.1.  The  Auxiliary  Steaa  Systea  is  provided  with  steaa  tie-ins  fioa 
the  cold  reheat  aanifold  (HP  turbine  exhaust)  and  the  low  pressure  crossover 
(IP  turbine  exhaust)  so  that  aain  cycle  steaa  may  be  used. 

Priaary  level  (100  psig,  350^F)  steaa  is  aade  available  for  use  at  the 
vitiated  air  heater,  auxiliary  deaerator  steaa  inlet,  steaa  coil,  auxiliary 
sparger,  aain  and  ASU  turbine  seals,  and  aain  turbine  during  waraup. 

The  primary  level  steaa  supply  has  a tie-in  f.om  the  cold  reheat  manifold  for 
use  during  normal  operation. 

A secondary  level  (40  psig,  300"F)  steam  pressure  is  made  available  for 
building  heating,  flue  gas  sampling,  steam  air  preheating,  fuel  oil  heating, 
and  condensate  deaineralizer  (caustic  heating)  through  the  use  of  a pressure 
reducing  station  from  the  primary  level  steam  supply.  The  secondary  level 
header  is  provided  with  a connection  from  the  low  pressure  crossover  line. 
Thus,  the  secondary  level  steam  header  has  the  capability  of  being  supplied  by 
the  auxiliary  boilers,  cold  reheat  or  low  pressure  crossover  steam. 

Steam  air  preheater  condensate,  miscellaneous  condensate  returns,  and  building 
heating  condensate  are  returned  to  the  auxiliary  deaerator  via  a common  header 
for  deaeration  and  temporary  storage  before  recirculation  to  the  auxiliary 
boilers . 

A steam  coil  is  installed  in  the  lower  drum  of  each  auxiliary  boiler  to  keep 
the  boiler  warm  and  ready  for  operation  when  it  is  not  in  service. 

Steam  for  each  steam  coil  supply  is  routed  through  a motor-operated  gate  valve 
and  pressure  reducing  station.  The  steam  coil  condensate  is  returned  through 
piping  and  valving  to  the  auxiliary  deaerator.  A control  switch,  for 
remote-manual  operation,  is  provided  on  the  auxiliary  boiler  main  control 
panel  for  the  motor  operated  pate  valve. 

The  auxiliary  deaerator  steam  and  the  storage  tank  sparging  steam  are  supplied 
through  a normally  open  motor-operated  gate  valve.  A control  signal  for  the 
gate  valve  is  received  from  a pressure  transmitter  on  the  Auxiliary  Steam 
Supply  System  header.  A self-actuated  pressure  regulating  valve  controls 
pressure  level  to  the  deaerator. 

The  auxiliary  boilers  are  supplied  with  feedwater  from  the  auxiliary  deareator 
storage  tank  via  a common  header  which  is  fed  by  two  of  three  100  percent 
capacity  feedwater  pumps  (one  for  each  boiler).  The  third  feedwater  pump  will 
be  maintained  in  a standby  condition  for  emergency  use.  During  normal 
operation  of  the  auxiliary  boiler  the  discharge  flow  of  each  feedwater  pump  is 
regulated  between  the  recirculating  line  and  the  feedwater  header.  The 
recirculating  flow  control  valves  are  actuated  by  pressure  switches  in  the 
feedwater  pump  discharges.  The  auxiliary  boiler  feedwater  flow  control  valve 
is  actuated  by  a three  element  level  control  system  on  each  auxiliary  boiler. 
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Deaineralized  makeup  water  is  introduced  intj  the  auxiliary  deaerator  from  the 
plant  Makeup  Water  System  through  a level  control  valve  which  is  activated  by 
the  level  switches  on  the  deaerator  storage  tank. 

Excess  deaerator  storage  is  relieved  to  the  main  condenser  through  a level 
control  valve  which  is  actuated  by  the  level  switches  on  the  deaerator  storage 
tank. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

Major  equipment  components  which  interface  with  and  are  shown  on  the  Auxiliary 
Steam  System  diagram  are  the  main  deaerator  and  storage  tank,  maiu  turbine 
H.P.,  I.P.,  and  L.P.  casings,  air  preheater,  and  heating  system  equipment. 
These  items  are  described  in  the  following  system  design  descriptions: 


Item 

System  Design 
Description 

Fluid 

System  Diagram 

Deaerator  and  Storage  Tank 

Condensate 

8270-1-511-302-011 

Main  Turbine,  ASU  Turbine 

Main  & Reheat 
Steam 

8270-1-501-302-011 

Plant  Heating  Equipment 

HVAC 

8270-1-722-902-001 

Air  Preheater 

Boiler  Flue 
Gas 

8270-1-403-302-322 

Major  equipment  components  shown  on  the  Auxiliary  Steam  System  diagram  are: 


1.  Auxiliary  Boilers 

Quantity 

Type 

Fuel 

Steam  Capacity  (MCR) 

Steam  Pressure 
Steam  Temperature 

2.  Auxiliary  Deaerator  and  Storage  Tank 

Deaeration 

Deaerator  Type 

Inlet  condensate  flow,  max. 

Steam  Conditions 
Storage  Tank 
Tank  Capacity 


2 

Natural  circulation 
Light  Oil  (No.  2) 
100,000  Ib/hr. 

100  psig 
350®F 


0.05  cc/1  Oz 
Spray/tray 

220.000  Ib/hr. 
15  psig/320*F 
Horizontal 

3.000  gallons 


A 
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3.  Auxiliary  Boiler  Feedwater  Puaq>a 

3 (100%  each) 
200  gpa 
350  feet 
30 

3,600  rpn 

2.2.2  Piping  and  Valves 
2.2.2. 1 Piping 


Quantity 
Capacity 
Total  Head 
Motor  HP 
Motor  speed 


Piping  used  throughout  the  systea  is  seamless  carbon  steel  piping  ASTM  A106 
Gr  B.  Piping  is  in  accordance  with  ANSI  B31.1.  Piping  low  points  are 
provided  with  drains  and/or  steam  traps  to  remove  any  condensate. 

2. 2. 2. 2 Valves 


Valves  are  carbon  steel  or  alloy  steel  as  required  to  conform  to  the  piping  in 
which  they  are  installed.  Vent,  drum,  and  instrument  valves  are  forged  steel, 
weld  end  globe  valves  designed  in  accordance  with  ANSI  B16.3A. 

2.2.3  Electrical 

Pump  motors  and  motor-operated  valves  are  460  volt,  3 phase,  60  Hz,  with  power 
supplied  from  the  480  volt  motor  control  centers.  Solenoid  valves  will  be 
coordinated  with  instrumentation  power  sources. 

2.2.4  Instruments,  Controls,  and  Alarms 

The  auxiliary  steam  system  is  provided  with  appropriate  inscruirentation  for 
sensing  flow,  pres.<ure  and  temperature  at  points  conanensurate  with  good  design 
practice. 

I''strumentation  typically  found  on  package  boilers  includes  a flow  element  to 
measure  steam  flow  from  the  boiler,  a drum  level  traasBiitter , feedwater  flow 
transmitter,  steam  temperature,  fuel  oil  supply  pr'^ssure,  air  flow 
transmitter,  drum  pressure  indicator  and  steam  temperature  transmitter. 

Control  for  the  various  valves  is  provided  by  the  instrumentation  described  in 
Section  2.1. 


3 . 0 SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  major  equipment  operating  limits  and  protective  devices  are  described  and 
included  in  System  Design  Descriptions  noted  in  Section  1.2. 

The  piping  and  valve  design  limits  are  generally  equal  to  or  greater  than 
those  of  the  connecting  equipment.  Therefore,  no  additional  protective 
devices  are  required,  other  than  those  indicated  on  Fluid  System  Diagram 
8270-1-507-302-051. 
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Relief  valves  are  provided  on  the  auxiliary  boiler,  auxiliary  boiler 
deaerator,  and  the  tie-ins  frosi  the  cold  reheat  and  crossover  steasi  lines  for 
protection  against  steasi  over-pressure. 

The  d.'arrator  storage  tank  is  protected  against  high  level  by  a level  switch 
which  actuates  a dusip  valve  to  the  siain  condenser. 

The  auxiliary  boiler  feedwater  puaq>s  are  protected  against  debris  daoage  by 
strainers  in  the  suction  intake  line  of  each  puaip.  The  puaq>s  are  also 
protected  against  loss  of  flow  by  a low  level  switch  on  the  deaerator  storage 
tank  and  the  ■inimun  flow  recirculating  line. 

3.2  HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  Auxiliary  Steam 
System  beyond  those  normally  observed  in  conjunction  with  high  temperature  and 
high  pressure  piping. 

4.0  hopes  of  operation 

4.1  STARTUP 

For  cold  startup,  the  auxiliary  feedwater  cycle  and  boiler  are  filled  from  the 
auxiliary  deaerator  storage  tank;  the  deaerator  is  at  atmospheric  pressure; 
the  steam  coil  supply  valve  is  open;  the  auxiliary  deaerator  steam  inlet  valve 
is  closed  and  the  main  cycle  tie-ins  are  isolated  by  the  check  valves. 

When  the  boilers  are  fired  a minimum  design  flow  must  be  maintained  through 
each  furnace  circuit.  This  minimum  design  is  maintained  through  the  use  of 
the  steam  coil  supply  until  saturated  steam  is  available  for  admission  to  the 
deaerator  steam  inlet.  The  flow  through  the  steam  coil  accelerates  the 
temperature  rise  in  the  boiler  and  the  temperature  stability. 

Once  saturated  steam  is  available  the  ste.im  coil  supply  line  is  isolated  and 
steam  flow  is  directed  to  the  deaerator  steam  inlet.  At  this  time  steam  from 
the  Auxiliary  Steam  System  supply  is  available  for  use  in  assisting  cold 
startup  of  the  plant. 

4.2  NORMAL  OPERATION 

During  normal  operation  two  levels  (100  psig,  & 40  psig)  of  low  pressure  steam 
are  available  for  use  throughout  the  plant.  The  primary  level,  100  psig  steam 
pressure,  is  obtained  from  either  the  auxiliary  boilers  or  from  the  cold 
reheat  supply  from  the  H.P.  turbine  exhaust  piping.  The  cold  reheat  supply 
automatically  takes  over  supply  from  any  other  auxiliary  steam  source  when 
cold  reheat  steam  pressure  is  at  or  above  100  psig. 

The  secondary  level,  40  psig  steam  pressure,  is  obtained  from  the  auxiliary 
boilers,  the  cold  reheat  tie-in  or  from  the  crossover  supply  from  the  I.P.  to 
L.P.  turbinec.  The  crossover  supply  takes  over  autosiatically  when  the 
crossover  supply  pressure  is  at  or  above  40  psig. 
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vni«>never  the  cold  reheat  supply  has  been  activated,  the  auxiliary  boilers  are 
placed  in  a standby  condition.  For  high  heating  systesi  desunds  at  least  one 
auxiliary  boiler  will  be  required  to  suppleawnt  cold  reheat  supply. 

4.3  SHUTDOWN 

Shutdoim  of  an  auxiliary  steaai  boiler  will  cosnence  wnen  the  cold  reheat  steam 
source  begins  supplying  auxiliary  steam.  Ultimately  the  auxiliary  boiler 
firing  must  be  stopped  and  the  auxiliary  feedwater  puiaps  shut  off. 

The  auxiliary  boilers  may  also  be  shutdown  manually. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

The  Auxiliary  Steam  System  will  be  provided  with  sufficient  automatic  controls 
to  ensure  normal  startup  operation  for  the  overall  plant. 

Initial  firing  and  startup  of  the  auxiliary  steam  system,  however,  will  be 
performed  manually  by  plant  personnel  as  will  be  most  shutdown  operations. 

Automatic  controls  have  alert  signals  in  the  auxiliary  boiler  control  area  to 
warn  of  any  off*design  performance.  Periodic  testing  of  all  reliefs  and 
controls  should  be  accomplished  to  verify  proper  operation. 

5.2  INSERVICE  INSPECTION 

All  piping,  valves,  controls,  gauges,  pipe  supports,  etc.,  shall  be  inspected 
periodically  during  system  operation  to  ascertain  that  the  subject  equipment 
is  operating  properly. 

5.3  PPEVENTATIVE  MAINTENANCE 


Computerized  record  keeping  will  be  instituted  to  alert  the  operators  that 
certain  pieces  of  apparatus  ne^'d  periodic  overhaul,  repacking,  etc.,  depending 
on  the  recommendations  of  the  equipment  manufacturer.  In  general,  the  part 
will  be  replaced  during  planned  shutdown  if  it  is  near  the  end  of  its 
recommended  life  cycle. 


5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 
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5.4.2  Spare  Parts  Inventory 

The  Minufacturera  will  supply  lists  of  recosssended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Cosq>lex  parts  requiring  long 
lead  tisw  for  delivery  will  be  included  in  the  plant  inventory. 
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REFERENCE  DOCUMENTS 
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Systea  Design  Description 
Main  & Reheat  Steam 
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Condensate 
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Miscellaneous  Drains 
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Fluid  Systea  Diagrams 
Auxiliary  Steaa 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuaent  presents  s description  of  the  Boiler  Feedwater  Systea  as 
depicted  on  Fluid  System  Diagram  8270'1-521*302~081 , Boiler  Feedwater.  The 
document  includes  descriptions  of  system  functions,  interfaces  with  other 
svsteRa,  equipment  and  piping  requirements,  design  criteria,  cooiponents, 
operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Boiler  Feedwater  System  is  designed  to  supply  heated  water  to  the  Heat 
Recovery/Seed  Recovery  (HR/SR)  Radiant  Boiler  for  the  generation  of  steam.  In 
addition  to  this  requirement,  the  systeo)  provides  cooling  for  the  MHD  power 
train  channel  and  combustor. 

The  Boiler  Feedwater  System  is  designed  to  meet  the  flow,  pressure,  and 
temperature  requireawnts  at  all  expected  conditions  and  to  provide  stable 
operation  during  the  most  severe  transient  conditions.  The  system  is  also 
capable  of  responding  to  small  stepload  (NIO  percent)  or  ramp  changes  without 
significant  deviation  from  normal  operation. 

1.2  SYSTEM  INTERl'ACES 

Major  equipment  involved  with  the  Boiler  Feedwater  System  include  two  100 
percent  boiler  feedwater  booster  pumps,  three  SO  percent  boiler  feedwater 
pumps,  six  50  percent  closed  feedwater  heaters,  high  and  low  temperature 
economizers,  MHD  channel,  combustor,  nozzle,  diffuser  and  transition  section. 

The  Boiler  Feedwater  System  interfaces  with  other  major  systems  such  as 
Extraction  Steam,  Main  and  Reheat  Steam,  and  Condensate.  The  system  also 
interfaces  indirectly  with  systems  such  as  Feedwatei  Heater  and  Miscellaneous 
Drains,  Sampling,  and  Steam  Cypass  and  Startup. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure/temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components.  Engineering  design  criteria  for  all  disciplines  is  in  accordance 
with  applicable  codes,  standards,  regulations,  and  guides  issued  by 
governmental  agencies,  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Mateiials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 


I 


SDD-081 


6.  Pipe  Fabricators  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Adainistration  (OSHA) 

8.  Instruneot  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Heat  Exchange  Institute  (HEI) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  "pipe  sizing"  flow  rates  are  taken 
from  the  unit  system  heat  balance  diagram  and  tabulated  on  the  Fluid  System 
Diagram  8270-1-521-302-081.  Flow  rates  are  those  occurring  during  main  steam 
turbine  valves  wide  open  with  the  HR/SR  steam  outlet  at  maximum  continuous 
rating  conditions.  Flow  velocities  for  line  sizing  art:  generally  limited  to 
15  feet  per  second.  The  velocity  entering  the  feedwater  heaters  is  limited  to 
10  feet  per  second.  The  maximum  heater  tubeside  pressure  drop,  including 
inlet  and  outlet  losses,  is  limited  to  15  psi. 

2.0  DESIGN  DESCRIPTION 

The  Boiler  Feedwater  System  provides  the  flow  path  for  feedwater  from  the 
deaerator  storage  tank  to  the  radiant  boiler.  Two  100  percent  capacity 
motor-driven  booster  pumps  take  suction  from  the  deaerator  storage  tank 
through  individual  lines  and  discharge  through  the  MHD  channel  cooling  system 
and  the  low  temperature  (LT)  economizer  to  the  suction  header  of  the  main 
boiler  feed  pumps.  Three  50  percent  boiler  feedwater  pumps  are  available  for 
the  final  pumping  of  the  feedwater  through  three  stages  of  closed  feedwater 
heating,  the  high  temperature  (HT)  economizer  and  the  MHD  Power  Train 
(combustor,  nozzle,  diffuser,  aud  transition  section)  before  entering  the 
radiant  boiler  of  the  HR/SR. 

2.1  SUMMARY  DESCRIPTION 

Feedwater  from  the  deaerator  storage  tank  is  pumped  by  one  of  the  two  100 
percent  capacity  motor-driven  booster  pumps  (one  on  standby).  The  suction 
line  for  each  booster  pump  is  piped  directly  from  the  deaerator  storage  tank, 
and  includes  a motor-operated  isolation  gate  valve  and  a single  basket 
strainer. 

The  booster  pumps  are  located  on  the  basement  floor,  35  feet  below  the 
deaerator.  The  discharge  line  from  each  pump  contains  a check  valve, 
motor-operated  isolation  valve,  orifice  flow  meter  and  a branch  recirculation 
line  back  to  the  deaerator  storage  tank.  A common  header  distributes  the 
feedwater  to  the  MHD  channel  cooling  circuit  and  the  LT  economizer.  Both  the 
MHD  channel  and  the  LT  economizer  have  bypass  capability  for  use  during  cycle 
cleaning  and  startup  operation.  From  the  LT  economizer  the  feedwater  is  piped 
to  the  suction  header  of  the  boiler  feedwater  pumps. 

Three  50  percent  capacity  boiler  feedwater  pumps  (two  turbine-driven  and  one 
variable  speed  motor-driven)  are  installed  to  provide  final  pumping  of 
feedwater  to  the  HR/SR  Radiant  Boiler.  The  suction  pipe  for  each  pump 
contains  a motor-operated  isolation  gate  valve,  a single  basket  strainer  and 
an  orifice  flow  element.  Each  discharge  line  has  a balanced-type,  tilting 
disc  check  valve;  a motor-operated,  wye-pattern  stop-check  valve;  and  a branch 
recirculation  line  back  to  the  deaerator  storage  tank. 
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The  boiler  feedwater  pumps  and  drivers  utilire  a cosnon,  self-contained, 
lubrication  system.  Lubrication  supervisory  instruments  are  grouped  on  a 
single  panel  which  is  mounted  on  an  adjacent  column  to  minimize  vibration. 

The  boiler  feedwater  pumps  discharge  the  feedwater  into  a cocaon  header  which 
distributes  the  flow  through  two  parallel  SO  percent  capacity  heater  strings. 
Extraction  steam  from  the  HP  and  IP  turbines  is  used  as  the  heat  exchange 
source  to  the  heaters.  Each  heater  string  has  three  closed  heaters  arranged 
in  series,  and  is  provided  with  an  upstream  and  downstream  motor-operated 
isolation  valve.  A SO  percent  capacity  bypass  line  common  to  both  strings  of 
heaters  is  provided. 

Feedwater  flow  to  the  HR/SR  Radiant  Boiler  is  measured  using  a flow  nozzle 
element  located  downstream  of  the  last  heater.  Before  entering  the  HR/SR 
Radiant  Boiler,  the  liquid  enthalpy  of  the  feedwater  is  further  increased  by 
flowing  through  the  HT  economizer,  and  the  MHD  Power  Train.  The  HT  economizer 
has  bypass  capability  for  cleaning,  startup,  or  maintenance  purposes.  A 
recirculation  line  is  provided  on  the  discharge  from  the  MHD  Power  Train  which 
is  used  to  maintain  constant  flow  through  the  MHD  circuit. 

Boiler  feedwater  purity  is  automatically  monitored  and  samples  analyzed 
frequently  to  ensure  that  the  quality  is  kept  within  the  required  range. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

Operating  data  indicated  are  taken  from  or  calculated  from  data  shown  on  the 
System  Heat  Balance. 


2.2.1. I Boiler  Feedwater  Booster  Pumps 

Quantity 

Type 

Capacity 

Total  Developed  Head 
Suction  Pressure 
Suction  Temperature 
NPSH  Available 
Efficiency  (assumed) 

Brake  Horsepower 
Piunp  Speed 
Casing  Material 
Shaft/Impeller  Material 
Minimum  Flow  (Assumed  ^ 20%) 
Motor  Horsepower 

2.2.  1.2  Main  Feedwater  Pumps 

Quantity 

Type 

centrifugal 


2 

Horizontal  centrifugal 
2,500  g?m 
600  ft. 

70  ft. 

225®F 
30  ft. 

70% 

517  hp 
3,600  rpm 
Carbon  steel 
Stainless  steel 
A94  gpm 
600  hp 


3 

Horizontal,  multi-stage. 
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Capacity 

Total  Developed  Head,  across  punp 
Suction  Pressure 
Discharge  Pressure 
Suction  Temperature 
Efficiency  (assumed) 

Brake  Horsepower 
Pump  Speed 
Casing  Material 
Shaft/Impeller  Material 
Minimum  Flow  (assumed  @ 30%) 
Interstage  Bleed  (Attemperation) 

2. 2. 1.3  Feedwater  Pump  Turbine  Drives 

Quantity 

Type 

Power  Output 
Speed 

Steam  Inlet  Pressure 
Steam  Inlet  Temperature 
Exhaust  Pressure 
Control  System 
Casing  Material 
Shaft  Material 
Blade  Material 

2.2. 1.4  Feedwater  Pump  Motor  Drive 
Type 

Quantity 

Horsepower 

Speed 

Speed  Increasing  Gear  Ratio 

2. 2. 1.5  Feedwater  Heaters  No.  2A  and  2B 

Quantity 

Type 

Feedwater  Flow 
Feedwater  Pressure 
Feedwater  Inlet  Temperature 
Feedwater  Inlet  Enthalpy 
Feedwater  Outlet  Temperature 
Feedwater  Outlet  Enthalpy 
Steam  Inlet  Pressure 
Steam  Inlet  enthalpy 
Steam  Inlet  Temperature 
Drain  Outlet  Temperature 


1.250  gpm 
5,600  ft. 

185  psig 
2,375  psig 
310®F 

75% 

2.250  hp 
(TBD)  rpm 
Carbon  steel 
Stainless  steel 
369  gpm 

100  gpm  @ 550  psig 


2 

Multi-stage, 
condensing 
2,300  hp 
(TBD)  rpm 
380  psig 
1000®F 

2.5  in.  Hg.  Abs. 
Electro-hydraulic 
Alloy  steel 
Alloy  steel 
Chrome  steel 


Variable  speed 

induction 

1 

2,300  hp 
3,600  rpm 
(TBD) 


Horizontal,  2-pass, 

U-tube 

1 ,250  gpm 

2,254  psig 

307*F 

281  Btu/lb. 

366®F 

341  Btu/lb. 

166  psig 
1,425  Btu/lb 
798*F 
315°F 
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Heat  Exchange 

Pressure  Drop  (tube  side-max.) 
Tubeside  Design  Pressure 
Tubeside  Design  Temperature 
Shell  Design  Pressure 
Shell  Design  Temperature 
Shell  Material 
Tube  Material 

2. 2. 1.6  Feedwater  Heaters  No.  3A  and  3B 


Quantity 

Type 

Feedwater  Flow 
Feedwater  Pressure 
Feedwater  Inlet  Temperature 
Feedwater  Inlet  Enthalpy 
Feedwater  Outlet  Temperature 
Feedwater  Outlet  Ethalpy 
Steam  Inlet  Pressure 
Steam  Inlet  Enthalpy 
Steam  Inlet  Temperature 
Drain  outlet  Teaiperature 
Heat  Exchange 

Pressure  Drop  (tube  side-max.) 
Tubeside  Design  Pressure 
Tubeside  Design  Temperature 
Shell  Design  Pressure 
Shell  Design  Temperature 
Shell  Material 
Tube  Material 


2. 2. 1.7  Feedwater  Heaters  No.  4A  and  4B 


Quantity 

Type 

Feedwater  Flow 
Feedwater  Pressure 
Feedwater  Inlet  Temperature 
Feedwater  Inlet  Enthalpy 
Feedwater  Outlet  Temperature 
Feedwater  Outlet  Enthalpy 
Steam  Inlet  Pressure 
Steam  Inlet  Enthalpy 
Steam  Inlet  Temperature 
Drain  Outlet  Temperature 
Heat  Exchange 

Pressure  Drop  (tube  side-max.) 
Tubeside  Design  Pressure 


32.4  X 10^  Btu/hr 
10  psi 
2,400  psig 
311®F 
164  psig 
155  psig 
Carbon  steel 
Stainless  steel 


2 

Horizontal,  2-pass, 

U-tube 

1,250  gpm 

2,244  psig 

366«F 

341  Btu/lb. 

406«F 

384  Btu/lb. 

277  psig 
1,483  Btu/lb. 

918®F 
374«F  , 

23.0  X 10  Btu/hr 

10  psi 

2,400  psig 

366®F 

260  psig 

923®F 

Alloy  steel 
Stainless  steel 


2 

Horizontal,  2-pass, 

U-tube 

1,250  gpm 

2,234  psig 

406®F 

384  Btu/lb. 

451®F 

432  Btu/lb. 

436  psig 
1,332  Btu/lb. 

650®F 
414®F  , 

25.5  X 10  Btu/hr 
10  psi 
2,400  psig 
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Tubeside  Design  Temperature 
Shell  Design  Pressure 
Shell  Design  Teaq>erature 
Shell  Material 
Tube  Material 


406»F 
445  psig 
655*F 

Carbon  steel 
Stsinless  steel 


2.2. 1.6  Other  equipment  details  may  be  found  in  their  respective  System 
Design  Description: 


High  Temperature  Economizer, 

Radiant  Boiler  HR/SR 

Channel,  Combustor,  Diffuser  MHD  Power  Train 

Deaerator  and  Storage  Tank  Condensate 

Low  Temperature  Economizer 


2.2.2  Piping  ai  .i  Valves 


Feedwater  system  piping  is  ASTM  A 106  carbon  steel  with  welded  joints  designed 
in  accordance  with  ANSI  B31.1  and  ASME  Boiler  and  Pressure  Vessel  Code. 

Flanged  connections  are  used  at  the  booster  pump  and  other  low  pressure 
apparatus  that  may  require  removal  for  maintenance. 


Provision  is  made  for  isolating  each  booster  puaip  and  boiler  feedwater  pump  by 
valves  in  the  suction  and  discharge  lines.  This  provision  facilitates  the 
repair  of  a non-operational  pump  while  the  plant  is  operational. 


Each  heater  string  can  be  isolated  by  a motor-operated  globe  valve  on  the 
inlet  and  a motor-operated  stop-check  valve  on  the  outlet  of  each  heater 
string.  For  loads  over  60  percent,  feedwater  can  be  bypassed  if  one  set  of 
heaters  is  out  of  service. 


The  stop-check  valves  represent  the  limit  of  ASME  Boiler  Code  design  for  the 
piping  system.  Another  motor-operated  stopcheck  valve  is  provided  upstream  of 
the  HT  economizer  inlet. 


Pump  recirculation  control  valves  are  provided  with  isolation  vjlves  on  the 
deaerator  side  only.  Bypass  valves  are  not  provided  for  these  control  valves. 

A pneumatically  operated  control  valve  is  providea  in  parallel  with  the  main 
stop  valve  at  the  HT  economizer  inlet.  This  valve  is  positioned  from  the 
feedwater  flow  control  system. 

A flow  recirculation  control  valve  is  provided  downstream  of  the  MHD  combustor 
cooling  jacket,  and  is  also  positioned  from  the  feedwater  flow  control  system. 

2.2.3  Electrical 

Power  for  the  booster  pumps  and  the  motor-driven  boiler  feedwater  pump  is  from 
the  4,160  voltage  plant  service  bus.  Switchgear  and  motor  starting  equipment 
is  provided  for  each  motor. 
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Motor-operated  valves  are  460  volt,  3 phase,  60  Hz,  with  power  supplied  froai  a 
480  volt  PK>tor  control  center. 

2.2.4  Inatruaienta , Controls,  and  Alanaa 

The  Boiler  Feedwater  Syaten  is  provided  with  appropriate  locally  initalled 
initruBientation  for  indicating  and  transmitting  feedwater  pressure, 
teaq>erature,  and  flow.  These  instruawnts  are  placed  at  points  commensurate 
with  good  design  practice  for  control  and  to  monitor  system  performance  (see 
Boiler  Feedwater  System  Diagram  8270-1-521-302-081). 

The  majority  of  the  control  switches  and  instrument  readouts  for  the  system 
are  located  on  the  feedwater  control  board  in  the  Main  Control  Room.  Local 
control  switches  are  provided  at  the  respective  motor  control  centers. 

All  pumps  are  monitored  and  controlled  directly  from  the  main  control  room. 
System  equipsient  malfunctions,  such  as  feedwater  booster  pump  trip,  or  trip  of 
a boiler  feedwater  pump  or  turbine  (which  will  alarm  in  the  control  room), 
will  require  operator  action. 

Heater  performance  is  monitored  by  the  main  control  room  computer.  Automatic 
controls  are  provided  to  prevent  turbine  water  induction  if  a heater  tube 
failure  occurs.  Heater  strings  can  be  isolated  and  bypassed  by  actuating  the 
control  switch  for  the  motor-operated  inlet  valves. 

Direct  pressure  indicators  are  provided  on  the  suction  and  discharge  side  of 
the  feedwater  booster  pumps  and  the  boiler  feedwater  pumps. 

Direct  reading  pressure  differential  indicators  are  provided  on  the  feedwater 
booster  pump  euction  strainers,  on  each  feedwater  heater,  and  on  the  feedwater 
pump  suction  strainers. 

Pressure  test  connections  are  provided  at  the  common  feedwater  booster  pump 
discharge,  at  the  discharge  of  each  boiler  feedwater  pump,  and  on  the 
feedwater  piping  upstream  of  the  HT  economizer  inlet. 

Pressure  transmitters  are  provided  on  the  suction  of  each  boiler  feedwater 
pump  for  pressure  indication  in  the  main  control  room,  for  coaiputer  input,  and 
to  annunciate  in  the  control  room  on  low  pressure.  Pressure  transmitters  are 
provided  on  the  discharge  of  each  boiler  feedwater  pump  for  pressure 
indication  in  the  main  control  room,  and  computer  input.  A pressure 
transmitter  is  provided  on  the  main  feedwater  line  upstream  of  the  HT 
economizer  inlet  for  pressure  indication  in  the  main  control  room,  and 
computer  input. 

Pressure  switches  are  provided  on  the  discharge  of  each  boiler  feedwater  pump 
to  trip  the  associated  turbine  drive  so  that  pump  discharge  pressure  does  not 
exceed  the  piping  design  pressure. 

Boiler  feedwater  temperature  is  monitored  at  va-ious  stages  of  its  flow. 
Thermometers,  for  local  temperature  indication,  are  installed  on  the  suction 
of  each  feedwater  booster  pump.  Thermocouples  (or  RTD's),  for  temperature 
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indication  in  the  sain  control  rooa  are  installed  on  the  discharge  of  each 
boiler  feedwater  pua^>,  and  on  the  inlet  and  outlet  of  each  feedwater  heater. 
Thermowells,  for  the  instsllation  of  test  thermocouples,  are  installed  on  the 
suction  of  each  feedwater  booster  puaip;  the  discharge  of  each  boiler  feedwater 
puaip;  on  the  inlet  and  outlet  of  each  feedwater  heater;  and  on  the  feedwater 
line  upstream  of  the  HT  economizer  inlet.  A temperature  transmitter  is 
installed  on  the  main  feedwater  line  upstream  of  the  HT  economizer  inlet  for 
tesq>erature  indication  in  the  nmin  control  room,  and  coaq>uter  input. 

Level  switches  are  installed  on  the  deaerator  storage  tank  to  trip  the  booster 
pumps  on  very  low  level. 

Orifice  type  flow  elements  are  installed  on  each  booster  puaip  discharge  and 
each  boiler  feedwater  pump  suction.  A flow  nozzle  is  installed  on  the 
feedwater  line  upstream  of  the  HT  economizer  inlet.  Flow  eles^nts,  provided 
by  the  puaq>  manufacturer,  are  installed  in  each  boiler  feedwater  pump  balance 
drum  leak-off  line. 

The  flow  controllers  associated  with  each  booster  pump  dischan^c-  orifice 
provide  signals  to  open  the  minimum  flow  recirculation  valves.  The  flow 
transmitters  are  provided  with  local  flow  indicators. 

The  flow  transmitters  on  the  boiler  feedwater  pump  suction  lines  serve  two 
functions.  The  flow  signals  control  the  minimum  flow  recirculation  valves, 
and  provide  control  room  indication  of  flow  ori  the  feedwater  control  board, 
and  computer  input. 

The  flow  transmitters  associated  with  the  feedwater  flow  nozzle  provide 
signals  to  the  feedwater  analog  control  system.  Signals  from  the  analog 
system  provide  control  room  co^tputer  indication  of  flow,  in  addition  to  a flow 
recorder  mounted  on  the  feedwater  control  board. 

Flow  test  connections  are  provided  at  each  flow  element. 

A three-element  feedwater  control  is  utilized  to  maintain  water-flow  input 
equal  to  feedwater  demand.  Steam  flow,  drum  level,  and  feedwater  flowrate 
feedback  signals  are  utilized  to  keep  drum  level  as  constant  as  possible  at 
all  HR/SR  Radiant  Boiler  loads  and  with  varying  feedwater  pressure.  In 
addition,  a 70  percent  minimum  flow  rate  signal  is  imposed  to  maintain 
feedwater  flow  through  the  MHD  combustor  cooling  water  jacket. 

The  high  pressure  turbine  first-stage  shell  pressure  is  used  as  a substitute 
variable  for  steam  flow.  The  steam  flow  signal,  which  is  the  basic  demand  for 
feedwater  flow,  is  summed  with  the  output  of  the  drum  level  controller  and 
this  summation  output  is  the  total  feedwater  demand  signal  to  the  feedwater 
flow  controller.  The  flow  controller  compares  the  process  variable  signal  of 
feedw«ter  flow  with  the  total  feedwater  demand  signal  and  provides  corrective 
actio.,  to  the  pump  controllers  and  to  the  feedwater  valve  positioner. 

Provision  is  made  for  pressure  compensation  to  the  drum-level  system. 
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For  the  boiler  feedwater  booster  pump,  an  alarm  will  occur  under  the 
conditions  of  low  lubrication  oil  pressure,  high  vibration,  high  bearing  metal 
temperature,  or  vibration.  For  the  boiler  feedwater  pumps,  an  alarm  will 
occur  under  the  conditions  of  low  lubrication  oil  pressure,  high  seal  water 
injection  return  temperature,  and  high  bearing  metal  temperature  or  vibration. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

Booster  pump/ feedwater  puaip  trip  logic  ensures  feedwater  pump  protection  by 
tripping  a feedwater  pump  upon  loss  of  booster  pump  power  or  suction  pressure. 
This  may  also  cause  a unit  trip  or  runback  in  load.  A booster  p>jmp  trip 
occurs  on  low  deaerator  level . 

Additional  alarm  and  trip  functions  associated  with  the  turbine  driver  are 
covered  in  the  "Extraction  Steam  System",  System  Design  Description  and  Fluid 
System  Diagram  8270-1-503-302-041. 

To  protect  the  pumps  from  overheating  and  cavitation  during  low  load,  minimum 
recirculation  control  is  provided  for  each  booster  pump  and  boiler  feedwater 
pump.  Recirculation  flow  is  controlled  by  differential  sensors  across  an 
orifice  located  in  the  piping  for  each  pump.  The  differential  pressure 
corresponding  to  a preset  flow  rate  controls  the  recirculation  control  valve 
to  keep  pump  flow  at  its  recommended  minimum  capacity. 

The  feedwater  booster  pump  suction  isolation  valve  limit  switches  will  be 
interlocked  with  the  associated  booster  pump  motor  to  prevent  starting  the 
pump  when  the  valve  is  not  in  the  "open"  position.  Trippi.ig  will  occur  on 
motor  overload,  low  lubrication  oil  pressure,  or  suction  valve  not  fully  open. 

To  protect  the  MHD  channel  from  overheating,  a feedwater  recirculation  line  to 
the  condenser  is  provided  downstream  of  the  MHD  Power  Train.  A recirculation 
control  valve  operates  in  conjunction  with  the  main  feedwater  control  to 
maintain  a minimum  of  70  percent  flow,  regardless  of  drum  level  control 
signal.  A breakdown  orifice  is  installed  in  the  bypass  line  to  reduce  the 
pressure  and  make  it  suitable  for  condenser  conditions. 

3 . 2 HAZARDS 

No  special  hazards  are  considered  to  exist  in  the  Feedwater  System  beyond 
those  normally  associated  with  high  temperature,  high  pressure  piping,  and 
rotating  equipment.  Personnel  should  note  that  the  automatic  start  of  a 
standby  pump  can  occur. 

3.3  PRECAUTIONS 

There  are  no  special  precautions  for  safe  operation  of  the  Feedwater  System. 
Startup,  normal  operation  and  shutdown  must  be  in  accordance  with  instructions 
received  from  manufacturers  furnishing  equipment  for  this  system. 
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4.0  HOPES  OF  OPERATION 

4.1  STARTUP 

The  feedwater  systea  startup  sequence  is: 

1.  Deaerator  storage  tank  level  at  normal  operating  point.  Deaerator  pegged 
and  vented  at  2 psig  by  use  of  auxiliary  steam. 

2.  Booster  pump  minimum  flow  recirculation  valves  open. 

3 Auxiliary  steam  available  for  sealing  turbine,  pegging  deaerator,  etc. 

4.  System  is  aligned  for  normal  operation;  i.e.,  necessary  valves  are  in 
proper  position,  and  system  is  filled  and  vented.  With  the  deaerator  at 
normal  level  the  system  may  be  filled  by  gravity  and  vented  prior  to  any 
pump  start. 

5.  Operational  condensate  system  - condensate  pumps  on  recirculation  to 
condenser  - circulating  water  pumps  in  operation.  Condenser  vacuum 
established . 

6.  A feedwater  booster  pump  is  started  and  cleanup  recirculation  is 
established  through  the  booster- pump  discharge  and  back  to  the  condenser. 

7.  Feedwater  flow  is  established  through  the  heater  and  bypass  piping.  Flow 
is  alternated  as  necessary  to  flush  each  route.  This  flush  is  dumped  to 
the  condenser  from  a point  upstream  of  the  high  temperature  economizer 
inlet.  This  flow  path  is  used  to  clean  up  and  deaerate  the  water  prior 
to  sending  the  water  to  the  HR/SR  Radiant  boiler.  The  water  is 
satisfactorily  clean  for  introduction  to  the  radiant  boiler  when 
differential  pressure  has  stabilized  across  a clean  suction  strainer,  and 
water  chemistry  has  reached  satisfactory  levels. 

8.  The  motor-driven  feedwater  piunp  is  started  and  recirculation  is 
established  through  the  pump  recirculation  system  back  to  the  deaerator. 
Booster  pump  cleanup  lin  to  the  condenser  must  be  closed  prior  to 
starting  the  feedwater  pump. 

9.  The  MHD  Power  Train  t.ay  be  fired  at  this  point  to  st^rt  generation  of 
steam  in  the  HR/SR  radiant  boiler. 

10.  As  the  HHD  system  combustor  is  fired  to  increase  HR/SR  steam  temperature 
and  drum  metal  temperature,  in  accordance  with  prescribed  rates,  the 
steam  piping  and  the  main  turbine  casings  are  warmed. 

11.  Wlien  boiler  drum  conditions  reach  adequate  pressure  and  temperature, 
steam  may  be  used  for  ti:e  turbine  shaft  seals  and  to  operate  a 
turbine-driven  feedwater  pump  in  accordance  with  the  starting 
requirements  of  the  MR/SR  Radiant  Boiler  and  the  main  steam  turbine. 
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12.  When  unit  megawatt  load  exceeds  40  percent,  a turbine  driven  feedwater 
pump  should  be  brought  into  service,  and  pump  speeds  paralleled.  The 
second  turbine  driven  pusQ>  may  be  started  anytime  following,  and  the 
motor  driven  puaq>  put  on  standby. 

4.2  NORMAL  OPERATION 

During  normal  operation  of  the  Feedwater  System,  the  system  is  controlled 
automatically  and  monitored  from  the  main  control  room.  Booster  pumps  and  all 
valve  motors  are  operated  from  control  switches  located  on  the 
feedwater-condensate  panel  of  the  main  board. 

4.3  SHUTDOWN 

Continuous  feedwater  delivery  is  required  to  maintain  boiler  drum  level  while 
bringing  the  plant  to  a shutdown. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

A complete  loss  of  feedwater  flow  to  the  boiler  could  occur  if  power  is  lost 
to  the  feedwater  booster  pumps.  This  will  cause  a plant  shutdown.  Loss  of 
condensate  pumps  will  result  in  a forced  shutdown  unless  restored  in  less  than 
5 minutes  (deaerator  storage  tank  capacity) . On  loss  of  one  turbine  driven 
feedwater  pump,  automatic  load  runback  will  commence  while  the  standby 
motor-driven  pump  starts  to  restore  flow.  Loss  of  a booster  pump  will  cause 
automatic  runback  of  the  main  turbine  driven  pumps  until  the  standby  booster 
pump  can  be  started  and  brought  up  to  speed.  Low  suction  pressure  will 
automatically  trip  the  boiler  feedwater  pumps  and  the  unit. 

A feedwater  heater  string  may  be  removed  fruui  service  by  opening  the  bypass 
line  and  closing  the  inlet  and  outlet  valves  on  the  heater  string  to  be 
isolated.  Operating  personnel  must  reduce  the  load  according  to  the  turbine 
manufacturer's  instructions. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Operating  personnel  will  record  direct  indicating  instruments  and  feedwater 

analysis  at  regular  intervals  per  shift.  The  in-house  computer  will 
constantly  monitor  specified  points  to  give  a running  check  on  performance 
which  can  alarm  or  be  viewed  periodically  as  desired  in  the  plant  control 
room. 


5.2  INSERVICE  INSPECTION 

Visual  inspection  of  all  equipment,  valves,  instruments,  pipe,  pipe  supports, 
etc.,  shall  be  carried  out  periodically  during  system  operation  to  ascertain 
that  the  subject  equipment  is  operating  properly. 
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5.3  PREVENTATIVE  MAINTENANCE 

All  puaps,  feedwater  heaters  and  valves  will  be  aaintaiaed  and  operated  in 
accordance  with  the  respective  SMnufacturer* s operating  and  SMintenance 
instructions . 

CoBiputerized  record  keeping  will  be  used  to  alert  the  operating  personnel  that 
pieces  of  equipsient  need  an  overhaul,  repacking,  cleaning,  depending  on  the 
recosaendations  of  the  equipment  manufacturer.  In  general  parts  will  be 
replaced  during  planned  sbutdotm  if  they  are  near  the  end  of  their  re>'ommended 
life  cycle. 

5. A CORRECTIX'E  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  of  any  piece  of  equipment.  If  necessary,  a 
representative  of  the  manufacturer  can  be  present  to  supervise  the  overhaul  cr 
replaceswnt  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

Manufacturers  will  supply  lists  of  recommended  spare  parts.  A certain  amount 
of  these  parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts 
requiring  long  lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docunent  presents  ^ description  of  the  Condensate  Systesi  as  depicted  on 
Fluid  System  Diagram  8270-l>51 1*302*-101 , Condensate.  The  document  includes 
descriptions  of  system  functions,  interfaces  with  other  systems,  equipment  and 
piping  requirements,  design  criteria,  description  of  components,  operating 
modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Condensate  System  is  designed  to  pump  condensed  steam  (condensate)  from 
the  hotwell  of  the  main  condenser  through  the  main  turbine  steam  seal 
exhauster-condenser,  the  condensate  demineralizer,  and  to  the  deaerating 
heater  (deaerator)  during  all  modes  of  operation. 

1.2  SYSTEM  INTERFACES 

Major  equipment  components  involved  with  the  Condensate  System  include  four 
condensers,  condensate  (or  hotwell)  pumps,  turbine  steam  seal 
exhauster-condenser,  demineralizer,  deaerator,  steam  jet  air  ejector 
condensers,  and  condensate  storage  tank.  The  Condensate  System  interfaces 
with  other  major  systems  such  as  Boiler  Feedwater,  Extraction  Steam,  Feedwater 
Heater  Drips,  and  indirectly  interfaces  with  the  following  systems: 

Bypass  and  Startup 
Plant  Makeup  Water 
Condenser  Air  Removal 
Sampling 

Closed  Cycle  Cooling  Water 
Main  and  Reheat  Steam 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components  and  piping  design.  Engineering  design  criteria  for  all  disciplines 
are  in  accordance  with  applicc'jle  codes,  standards,  regulations,  and  guides 
used  by  governmental  agencies,  recognized  standards  organizations,  and  Gilbert 
Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (A’VS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 
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6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Adaiinistration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Heat  Exchange  Institute  (HEI) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  "pipe  sizing"  flow  rat  .s  are  taken 
from  the  plant  heat  and  flow  balance  diagram  and  tabulated  on  the  fluid  system 
diagram  8270-1-511-302-101.  Flow  rates  are  those  occurring  during  main 
turbine  valves  wide  open  with  the  Heat  Recovery/Seed  Recovery  (HR/SR)  steam 
outlet  at  Maximum  Continuous  Rating  conditions.  Condensate  pipe  sizing  is 
based  on  pressure  drop  and/or  water  velocity  in  the  piping  which  is  limited  to 
10  feet  per  second. 

The  piping  is  all  welded  construction  in  accordance  with  ANSI  B31.1.  Carbon 
steel  is  used  throughout  the  system.  Valves  are  compatible  with  the  piping 
and  in  accordance  with  ANSI  B16.5  and  B16.34. 

The  condenser  shells  and  circulating  water-boxes,  the  deaerator,  and  deaerator 
storage  tank  designs  are  in  accordance  with  the  ASKE  Boiler  and  Pressure 
Vessel  Code,  Section  VIII,  Division  1,  latest  edition,  and  the  HEI  Standards. 

The  condensate  storage  tank  design  is  in  accordance  with  AWS  D5.2  (AWWA  DlOO) 
Standards  for  Steel  Tanks,  Standpipe,  Reservoirs  and  Elevated  Tanks  for  Water 
Storage. 

The  Condensate  System  is  designed  to  meet  the  flow  and  pressure  requirements 
at  all  expected  conditions  and  to  provide  stable  operation  during  the  most 
severe  transient  condition  which  may  occur  on  a full  load  unit  trip. 

2 . 0 DESIGN  DESCRIPTION 

The  Condensate  System  begins  at  the  main  condenser  and  terminates  with  the 
deaerator  and  deaerator  storage  tank.  The  system  includes  the  condensers, 
condensate  (or  hotwell)  pumps,  heat  exchangers,  demineralizer,  deaerator  and 
interconnecting  piping.  Branches  from  the  piping  are  provided  for  condensate 
services,  makeup  and  storage. 

2.1  SUMMARY  DESCRIPTION 

Exhaust  steam  from  the  steam  turbine  generator  and  the  two  boiler  feedwater 
pump  turbines  exhausts  directly  into  the  main  condenser.  There  are  two 
Oxidant  air  compressor  turbines  and  one  Air  Separation  Unit  (ASU)  air 
compressor  turbine,  each  with  its  own  condenser.  The  exhaust  steam  from  each 
turbine  condenses  and  falls  to  the  bottom  of  the  condenser.  Condensate  from 
all  the  compressor  condensers  drains  to  the  main  condenser.  Two  100  percent 
capacity  mechanical  vacuum  pumps  are  provided  to  evacuate  non-condensables 
from  the  condensers  and  maintain  vacuum  at  all  loads.  Additonal  backup  is 
provided  by  a two-stage  steam  jet  air  ejectot , with  inter-  and 
after-condensers,  designed  to  operate  with  cycle  steam. 
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Three  SO  percent  capacity  condensate  pumps  are  provided  to  pusq)  the  condensate 
from  the  main  condenser  hotwell  to  the  deaerator.  The  piping  between  the 
hotwell  and  pumps  contains  isolation  valves,  drains  and  strainers.  For 
protection,  each  pump  discharge  is  equipped  with  a pressure  actuated  minimum 
flow  recirculation  line  back  to  the  condenser. 

Condensate  passes  through  a steam  seal  exhauster*-condenser , a blowdown  cooler, 
and  the  demineralizer  before  reaching  the  deaerator.  In  this  section  of 
piping  are  connections  for  various  ''ondensate  services,  including 
miscellaneous  condensate  uses  such  as  boiler  fill,  makeup  to  the  mechanical 
vacuum  pumps,  to  the  steam  Jet  air  ejector,  valve  sealing  water,  pump  gland 
water,  closed  cycle  cooling  makeup,  main  turbine  exhaust  hood  cooling  spray, 
sampling,  and  condensate  transfer  and  storage.  A flow  controller  in  the 
condensate  line  is  set  to  operate  a system  recirculation  valve  to  provide  tho 
minimum  allowable  flow  for  the  steam  seal  exhauster-condenser  during  times  of 
low  condensate  desiand.  This  recirculation  returns  to  the  main  condenser. 

The  deaerator  is  a horizontal  tray  type  with  a horizontal  storage  tank.  The 
condensate  flows  into  the  deaerator,  where  entrained  oxygen  and  carbon  dioxide 
are  removed  by  heating  with  extraction  steam.  The  feedwater  booster  puaq>s 
take  suction  from  the  deaerator  storage  tank  to  supply  the  Boiler  Feedwater 
System. 

A condensate  storage  tank  is  necessary  to  accommodate  surges  in  the  system  and 
to  provide  siakeup  storage.  Excess  condensate  from  the  system  flows  to  the 
storage  tank  through  the  condensate  spillover  valve,  which  opens  when 
condensate  level  in  the  hotwell  is  above  normal. 

Makeup  to  the  condensate  system  enters  the  condenser  through  the  normal  makeup 
valve  which  opens  on  low  hctwell  level.  With  the  unit  operating,  the  static 
head  of  the  condensate  storage  tank  and  the  negative  pressure  of  the  condenser 
will  provide  sufficient  flow  for  the  makeup  requirements  of  the  condenser.  An 
emergency  makeup  valve  is  also  provided  for  higher  makeup  requirements  such  as 
condenser  filling,  and  for  backup  if  tho  normal  makeup  valve  does  not  function 
properly.  The  condensate  transfer  pump  can  be  used  for  condenser  filling  when 
the  unit  is  not  under  vacuum  or  when  a higher  makeup  rate  is  desired. 

Demineralized  voter  from  the  makeup  demineralizer  enters  the  condensate  system 
through  a makeup  valve  which  opens  on  low  condensate  storage  tank  level  and 
closes  on  high  condensate  storage  tank  level.  When  the  unit  is  down,  makeup 
demineralized  water  can  be  routed  directly  to  the  condensate  storage  tank. 

The  Condensate  System  is  provided  with  appropriate  instrumentation  for  sensing 
flow,  pressure,  and  temperature  at  points  commensurate  with  good  design 
practice  to  monitor  system  performance. 

Level  control  instrumentation  is  provided  for  maintaining  design  water  levels 
in  the  deaerator  storage  tank,  condensate  storage  tank,  and  the  condenser 
hotwell.  Flow  control  instrumentation  is  used  to  control  condensate  pump 
discharge  recirculation  flow  bitck  to  the  condenser. 
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2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipaent 

Major  equipnent  coaq>ononta  are  the  ateaa  a i .ace  condenaera,  the  condenaate 
puaqia,  the  deaiineralizer,  and  the  deaerator. 

2. 2. 1.1  Condenaera 

Each  ateaoi  aurface  ccndenaer  haa  two  water  paaaea  with  divided  water  boxea. 
The*  condenaer  ahell  and  water  boxea  are  to  be  apecified  uaing  ASHE  and  HEI 
code  deaign  requireaienta . 


PERFORMANCE  AND  MATERIALS 


Condenser 

Main 

Turbine  Generator  & 
BFW  Puoq>  Turbines 

Oxidant 
Comp.  Turbines 

ASU 

Comp.  Turbine 

Number 

1 

2 

1 

Surface,  sq.  ft. 

57,000 

7,600 

8,000 

Tubes 

Copper-nickel 

Cupper-nickel 

Copper-nickel 

-Size,  OD-BWG 

7/8  in.  - 18 

7/8  in.  - 18 

7/8  in.  - 18 

-Length,  feet 

25 

20 

20 

Water,  gpm 

51,200 

8,500 

8,900 

-Temp,  in,  ®F 

69 

69 

69 

-Temp,  out,  "F 

92 

92 

92 

Vacuum,  in.  Hg. 

abs.  2.0 

2.5 

2.5 

Condenser  shell 

Fab.  steel 

Fab.  steel 

Fab.  steel 

Water  boxes 

Fab.  steel 

Fab.  steel 

Fab.  steel 

Tube  sheet 

Copper-nickel 

Copper-nickel 

Copper-nickel 

Tube  supports 

Steel 

Steel 

Steel 

2.2. 1.2  Demineralizer 

The  Condensate  Demineralizer  functions  to  polish  condensate  from  the  main 
condenser  hotwell.  It  is  also  used  for  startup  and  cleanup  recirculation 
prior  to  admitting  feedwater  to  the  HR/SR.  The  Demineralizer  removes  small 
amounts  of  dissolved  solids  and  suspended  iron  oxide  during  normal  operation. 
It  also  provides  some  removal  for  higher  amounts  of  feedwater  contaminants 
from  the  condenaer  cooling  water  should  a condenser  tube  leak  occur. 

The  system  consists  of  one  deep  bed  demineralizer  and  one  spare  unit  each 
rated  at  100  percent  of  the  condensate  flow.  Each  demineralizer  is  provided 
with  a minimum  3>foot  bed  of  mixed  ion  exchange  resin  and  some  inert  resin  for 
optimum  bed  separation  during  regeneration. 

A high  differential  pressure  alarm  across  the  demineralizer  requires  operator 
action.  Should  the  operator  fail  to  acknowledge  the  high  alarm,  a high-high 
differential  pressure  alarm  is  actuated  to  automatically  open  a full-flow 
bypass  control  valve. 
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The  equipaent  is  designed  for  resin  transfer  and  external  regeneration  of  the 
ion  exchange  resins  using  sulfuric  acid  and  sodiua  hydroxide.  Three 
regeneration  vessels  are  provided,  i.e.,  Cation  Regeneration/  Separation  Tank, 
Anion  Regeneration  Tank,  and  Resin  Storage  Tank.  Regeneration  chemicals  will 
be  taken  froa  Makeup  Demine ralizer  Acid  and  Caustic  Storage  Tanks. 

The  system  is  provided  with  a control  panel  suitable  for  pushbutton  automatic 
regeneration  of  the  ion  exchange  resins.  Sample  analysis  and  monitoring  are 
provided  for  flow  rate,  conductivity,  pH  and  sodium  in  the  demineralized 
effluent. 

Pressure  vessels  are  rated  150  ^/sig  ASME  code.  Suitable  corrosion-resistant 
Biaterials  are  used  for  valves  and  piping. 

2.2. 1.3  Deaerator  and  Storage  Tank 

Type  Horizontal,  spray  tray  type, 

with  internal  direct  contact 
stainless  steel  vent  condenser, 
and  carbon  steel  plate  storage 
tank. 


Operating  pressure  15.04  psia 


Outlet  feedwater  flow 
Temperature  of  flow 
Enthalpy  of  flow 

1,070 

,992  Ibs/hi 

213.2  °F 

181.3  Btu/lb 

Deaerator  shell  diameter 
Overall  Length 

7-0 

18-0 

feet-inches 

feet-inches 

Storage  tank  diameter 
Overall  length 
Operating  capacity 
Storage  capacity 

10-8  feet-inches 

25-6  feet-inches 

12,000  gallons 
5 minutes 

.4  Condensate  Pumps 

Type 

Vertical,  centrifugal, 
multi-stage 

Number 

Three 

Capacity 

950  gpm 

TDH 

200  feet 

NPSH 

10  fset 

Brake  horsepower 

75 
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Materials 
Casing 
lapel lers 
Shaft 
Bearings 


Carbon  steel 
Stainless  steel 
Stainless  steel 
Bronze 


2.2.2  Piping  and  Valves 

The  condensate  systea  valves  are  arranged  for  isolation  and  bypass  of  major 
equipment  ''xcept  the  seal  steam  exhauster-condenser. 

The  condensate  systea  piping  is  carbon  steel  with  welded  joints,  in  accordance 
with  the  piping  standards  specified  in  Section  1.3.1. 

Flanged  connections  are  used  on  pumps,  vacuum  pumps,  strainers,  and  steam  seal 
exhauster-condenser,  in  order  to  facilitate  removal  for  maintenance. 

Valve  body  materials  are  compatible  with  pipe  materials. 

2.2.3  Electrical 

Power  for  the  condensate  pump  motors  will  be  460  volt  supplied  from  480  volt, 

3 phase,  60  Hz  motor  control  centers. 

Motor-operated  valves  are  typically  460  volt,  3 phase,  60  Hz,  with  power 
supplied  from  480  volt  motor  control  centers. 

Power  for  instrumentation  is  taken  from  distribution  centers. 

2.2.4  Instruments,  Controls,  and  Alarms 

The  Condensate  System  is  provided  with  appropriate  instrumentation  for  sensing 
flow,  pressure,  and  temperature  at  points  commensurate  with  good  design 
practice  to  monitor  system  performance. 

Level  control  instrumentation  is  provided  for  maintaining  design  water  levels 
in  the  deaerator  storage  tank,  condensate  storage  tank,  and  the  main  condenser 
hotwell.  A pressure  switch  is  used  to  control  condensate  pump  discharge 
recirculation  flow  back  to  the  main  condenser.  System  recirculation  is 
controlled  by  flow  sensing  instrumentation  to  maintain  minimum  flow  through 
the  seal  steam  exhauster-condenser. 

Main  condenser  pressure  is  2.0  in.  Hg.  abs . at  full  load  conditions.  A 
pressure  switch  on  the  condenser  provides  ^ signal  to  trip  the  main  turbine 
under  poor  condenser  vacuum  conditions.  The  mechanical  drive  turbine 
condensers  are  rated  at  2.5  in.  Hg-abs.  and  have  individual  pressure  switches. 
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Alarms  are  providei  for  poor  condenser  vacuum,  low  condensate  pump  seal  water 
pressure,  condenser  level  high/low,  deaerator  storage  high/low,  condensate 
storage  tank  high/low  and  demineralizer  differential  pressure  high. 

Provisions  are  made  for  analysis  sampling  of  condensate  from  main  condenser 
hotwell,  condensate  pump  discharge  header,  and  the  condensate  storage  tank. 

Mechanical  vacuum  pump  operation  is  initiated  by  the  operator  at  the  local 
panels  or  from  the  main  control  room.  After  initiation,  vacuum  pump  operation 
is  automatic  throughout  the  design  range  of  the  vacuum  pumps.  The  local 
panels  include  alarms  for  monitoring  the  performance  of  the  vacuum  pumps,  with 
common  annunciation  to  the  main  control  room. 

After  the  initial  vacuum  is  established,  and  condensate  system  valves  are 
aligned  for  normal  operation,  the  system  is  monitored  from  the  main  control 
board  for  startup,  shutdown,  and  normal  operation. 

The  condensate  pumps  are  operated  with  control  switches  located  on  the  main 
control  board. 

The  condensate  transfer  pump  is  arranged  for  local  starting  and  stopping. 

The  mechanical  vacuum  pumps  are  supplied  with  a sealing  and  cooling  water 
system,  and  control  system. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  other  major  equipment  operating  limits  and  protective  devices  are 
described  in  System  Design  Descriptions  noted  in  Section  1.2. 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
required . 


3.2  HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  Condensate  System 
beyond  those  normally  observed  in  conjunction  with  high  temperature  and  high 
pressure  piping. 

3.3  PRECAUTIONS 

The  requirements  and  recommendations  for  the  prevention  of  water  induction 
into  the  steam  turbines  (ASME  Standard  No.  TDP-1-1980)  has  been  included  in 
the  system  design  and  must  be  followed  in  the  operation  of  the  Condensate 
System. 
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t* . 0 HOPES  OF  OPERATION 

4.1  STARTUP 

The  Condensate  Systen  is  one  of  the  first  systems  to  be  placed  in  operation 
during  plant  startup.  The  system  supplies  cooling  water  to  the  steam  seal 
exhauster-condenser,  to  a blowdown  cooler,  sealing  water  to  pump  seals,  boiler 
fill  water,  and  miscellaneous  condensate  makeup  services. 

Startup  from  a "dry"  state  involves  the  filling  of  the  Condensate,  Boiler 
Feedwater  Systems  and  the  HR/SR.  The  condenser  hotwell  is  filled  first  by 
opening  the  fill  valve  and  admitting  water  from  the  condensate  storage  tank. 
The  transfer  pump  may  be  used  for  fast  filling.  Once  the  hotwell  is  filled, 
the  condensate  pumps  may  be  started  and  the  Condensate  System,  from  the 
condenser  to  the  main  system  shutoff  valve  and  bypass  line,  is  vented  and 
filled.  Once  flow  is  established  through  the  bypass  line  from  the  Deaerator, 
the  Boiler  Feedwater  System  may  be  activated. 

For  a startup  from  cold  shutdown  with  the  main  condenser  hotwell  filled,  the 
initial  step  is  to  vent  and  fill  the  Condensate  System.  The  condensate  pumps 
are  started  with  main  system  shutoffs  closed  and  the  control  valves  open. 

With  the  reduced  flow  through  the  empty  system,  system  fill  is  accomplished 
without  causing  severe  water  hammer.  After  the  Condensate  System  is  filled 
and  vented,  the  plant  clean-up  cycle  can  begin. 

During  the  main  turbine  warm-up,  and  with  the  unit  on  turning  gear,  sealing 
steam  is  supplied  to  the  turbine  glands,  the  condenser  vacuum  pumps  are 
started,  auxiliary  steam  is  admitted  to  the  deaerator  and  the  condensate  is 
recirculated  until  the  oxygen  content,  solids  content,  and  the  pH  are  within 
orescribed  limits. 

The  level  in  the  main  condenser  hotwell  is  maintained  by  level  controls  and 
makeup  from  the  makeup  demineralizer  or  spill  to  the  condensate  storage  tank. 
One  set  of  level  controls  governs  the  amount  of  makeup  or  spill  required.  The 
system  requires  no  operator  action  after  startup  except  normal  surveillance. 

4.2  NORMAL  OPERATION 

The  normal  load  range  of  the  unit,  and  consequently  the  Condensate  System,  is 
categorized  as  base  load  with  very  little  part  load  operation  below  75 
percent.  The  Condensate  System  is  capable  of  operating  satisfactorily  without 
special  operator  action  in  the  event  of  load  changes  on  the  Unit. 

During  normal  operation,  at  loads  above  75  percent  main  unit  load,  two  50 
percent  condensate  pumps  are  used.  The  standby  condensate  pump  is  arranged 
for  automatic  start  in  the  event  of  an  electrical  trip  of  a running  pump. 

4.3  SHUTDOWN 

Equipment  may  be  removed  from  service  by  closing  isolation  valves  and  opening 
bypass  valves  (except  the  seal  steam  exhauster-condenser)  in  accordance  with 
the  equipment  manufacturer's  instructions. 
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A high-high  water  level  in  the  deaerator  storage  tank  or  low  water  level  in 
the  Bain  condenser  hotwell  causes  closure  of  the  deaerator  inlet  isolation 
valve.  A very  low  condenser  hotwell  level  will  cause  a trip  of  the  condensate 
puBps. 

Two  condensate  pumps  Bust  be  kept  in  service  until  the  condensate/feedwater 
flow  requireBent  has  fallen  below  50  percent  of  full  load,  and  at  least  one 
condensate  pump  Bust  remain  in  operation  on  recirculation  until  the  gland  seal 
exhauster-condenser  is  shutdown.  The  Condensate  and  Boiler  Feedwater  Systems 
must  be  in  operation  whenever  heat  is  flowing  through  the  Topping  cycle. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

The  Condensate  System  valves  and  controls  are  designed  to  prevent  water 
induction  and  steam  reverse  flow  from  entering  the  main  steam  turbine 
following  a turbine  trip.  A high  feedwater  level  in  the  deaerator  diverts 
incoming  drains  directly  to  the  main  condenser.  A high-high  level  closes  the 
non-return  valves  and  the  stop  valve  in  the  extraction  steam  line  and  opens 
the  extraction  piping  drain  valves.  This  effectively  isolates  the  deaerator 
from  the  Extraction  Steam  System  and  prevents  the  possibility  of  water 
induction  into  the  main  steam  turbine  through  the  extraction  piping. 

During  a steam  duaip  to  the  main  condenser,  the  Condensate  System  may  be 
affected  by  a deterioration  in  vacuum,  an  increase  in  condensate  temperature, 
and  a fluctuation  of  level  in  the  condenser  hotwell. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

An  in-house  computer  system  will  monitor  significant  data  points  in  the 
Condensate  System  to  parallel  the  automatic  controls.  This  will  alert  plant 
operating  personnel  to  any  off-design  performance  or  operation.  Periodic 
calibration  and  maintenance  shall  be  carried  out  on  all  analog  and  digital 
instrumentation  to  verify  computer  readout. 

5.2  INSERVICE  INSPECTION 

All  piping,  valves,  controls,  gauges,  pipe  supports,  etc.,  shall  be  inspected 
periodically  during  system  operation  to  ascertain  that  the  subject  equipment 
is  operating  properly. 
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5.3  PREVENTATIVE  MAINTENANCE 

Coaputerized  record  keeping  will  be  instituted  to  alert  the  operators  that 
certain  pieces  of  apparatus  need  periodic  overhaul,  repacking  etc.,  depending 
on  the  recosBsendations  of  the  equipawnt  manufacturer.  In  general,  parts  will 
be  replaced  during  planned  shutdo%ra  if  near  the  end  of  their  recoonended  life 
cycle. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer  * s Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  will  supply  lists  of  recomnended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuaent  presents  s description  of  the  Feedwater  Heater  Drips  Systen  as 
depicted  on  Fluid  Systen  Diagran  8270-1-525-302-111,  Feedwater  Heater  Drips. 
The  docuaent  includes  descriptions  of  system  functions,  interfaces  with  other 
system  equipment  and  piping  requirements,  design  criteria,  description  of 
cooq>onents,  operating  modes,  and  safety  and  maintenance  requirements. 

1.1  RUCTIONAL  REQUIREMENTS 

The  Feedwater  Heater  Drips  System  is  designed  to  maintain  normal  water  level 
in  the  regenerative  feedwater  heaters  and  to  control  the  flow  of  cascading 
condensate  back  to  the  deaerating  heater  (deaerator).  The  system  also  serves 
to  prevent  turbine  water  induction  (ASME  Standard  No.  TDP-1-1980)  during  any 
mode  of  operation. 

Normal  drip  control  flow  is  divided  per  the  two  heater  strings  and  cascades 
from  heaters  4A  and  48  to  3A  and  38,  to  2A  and  28  and  then  to  a Low  Pressure 
(LP)  flash  tank.  Steam  from  the  flash  tank  is  directed  to  the  deaerator. 
Water  from  the  flash  tank  goes  to  the  deaerator  storage  tank. 

Provisions  have  been  made  to  drain  each  heater  directly  to  the  main  condenser 
during  startup  or  very  high  water  level  conditions  in  the  heater. 

1.2  SYSTEM  INTERFACES 

Major  equipment  components  involved  with  the  Feedwater  Heater  Drips  System 
include  the  feedwater  heaters,  deaerator  and  storage  tank,  LP  flash  tank,  and 
the  main  condenser.  These  components  are  described  in  other  System  Design 
Descriptions  which  interface  with  the  Feedwater  Heater  Drips  System,  namely 
Boiler  Feedwater  and  Condensate.  The  Feedwater  Heater  Drips  System  also 
interfaces  with  the  Sampling  System  and  Extraction  Steam  System. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings,  and  system  limits  to  be  ui.ed  in  the  selection  of  the  required 
components . 

F.ngineering  design  criteria  for  all  disciplines  is  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  governmental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 
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U.  American  Welding  Society  (AWS) 

5.  Manufacturer!  Standardization  Society  cf  the  Valve  and  Fittings  Tiiduatry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Heat  Exchange  Institute  (H£I) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  flow  rates  are  taken  from  the  unit 
heat  and  flow  balance  diagram  and  tabulated  on  the  Fluid  System  Diagram 
8270-l*-525-‘302~lll . Flow  rates  are  those  occurring  during  turbine  valves  wide 
open  with  the  Heat  Recovery/Seed  Recovery  (HR/SR)  steam  outlet  at  maximum 
continuous  rating  conditions.  Feedwater  Heater  Drips  System  pipe  sizing  is 
based  on  pressure  drop  along  with  water  velocity  limited  to  6-10  feet  per 
second,  and  steam  velocity  limited  to  1,000  feet  per  minute  per  inch  of 
internal  diameter  (with  a maximum  steam  velocity  of  15,000  feet  per  minute). 
Flashing  water/steam  mixtures  are  limited  by  energy /density  criteria. 

2.0  DESIGN  DESCRIPTION 

2.1  SUMMARY  DESCRIPTION 

The  Feedwater  Heater  Drips  System  consists  of  an  LP  flash  tank,  piping, 
valves,  and  controls.  The  major  equipment  components  are  covered  in  other 
System  Design  Descriptions. 

2.2  DETAILED  DESCRIPTION 

The  Feedwater  Heater  Drips  System  is  related  directly  to  the  feedwater  system 
and  the  condensate  system,  as  covered  by  System  Design  Descriptions  for  Fluid 
System  Diagrams  8270-1*521-302-081  (Boiler  Feedwater  System),  and 
8270-1-511-302-101  (Condensate  System).  The  drips  are  condensed  extraction 
steam  and  contain  a large  amount  of  recoverable  heat. 

2.2.1  Major  Equipment 

There  are  three  extraction  stages  with  closed,  regenerative  (shell  and  tube) 
heaters  and  one  stage  utilizing  a direct  contact  (mixing)  heater  (deaerator). 
The  extraction  stages  are  arranged  in  series  and  the  heaters  are  numbered 
starting  from  the  lowest  turbine  extraction  pressure. 

As  depicted  on  Fluid  System  Diagram  No.  8270-1-525-302-111,  Feedwater  Heater 
Drips,  the  first  stage  cf  heating  is  in  a mixing  type  heater  called  the 
deaerator,  and  all  of  its  drains  are  fed  to  the  feedwater  booster  pomps.  The 
next  three  stages  of  heating.  Nos.  2,  3,  and  4,  consist  of  two  50  percent 
parallel  flow  circuits  with  feedwater  heaters  2A,  3A,  and  4A  in  series,  and 
2B,  3B,  and  AB  in  series. 
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Boiler  feedwater  heater  level  controls  are  designed  and  arranged  to  assure 
safe  operation  froa  startup  through  the  full  load  range,  and  to  assure  snooth 
shutdown. 

The  feedwater  heater  drips  are  arranged  in  a cascade  type  systen.  The  drips 
froa  each  heater  cascade  to  the  next  lower  pressure  heater.  The  normal 
sequence  of  operation  is  for  heater  4A  to  drain  to  3A,  to  2A,  to  the  LP  flash 
tank,  then  to  the  deaerator,  and  4B,  to  3B,  to  2B,  to  the  same  flash  tank, 
then  to  the  deaerator  where  the  drains  assist  in  heating  the  incoming 
condensate. 

The  heaters  are  arranged  to  cascade  normally  from  part  load  of  approximately 
20  percent  to  full  load.  To  assure  proper  draining  during  startup,  low  load, 

and  emergency  conditions,  each  heater  drip  outlet  has  an  alternate, 

independent,  high  level  controlled  drain  which  goes  to  the  main  condenser. 
During  low  load  operation,  when  sufficient  shell  pressure  may  not  be  available 
for  normal  cascading,  high  level  alarms  will  be  activated  in  the  control  room 
and  the  high  level  drains  are  opened  to  the  condenser.  These  alarms  should 
clear  above  approximately  20  percent  load. 

For  the  case  where  a string  of  3 half  sized  heaters  must  be  removed  from 
service  for  maintenance,  the  system  is  designed  such  that  the  other  string  of 

heaters  continues  to  operate  normally  with  less  overall  recovery  of  heat. 

The  boiler  leedwater  beating  system,  including  drip  controls,  are  so  arranged 
that  a string  of  heaters  may  be  bypassed  and  removed  from  service  for 
maintenance  during  plant  operation.  The  heater  string  may  be  removed  from 
service  by  opening  the  feedwater  bypass  valve,  closing  the  feedwater  and 
extraction  steam  isolation  valves,  and  closing  the  drip  control  valves  to  the 
LP  flash  tank  and  to  the  main  condenser. 

The  turbine  may  be  operated  for  emergency  periods  with  a string  of  heaters  out 
of  service  provided  the  turbine  generator  loading  does  not  exceed  the  maximum 
guaranteed  output,  or  exceed  the  design  allowables  of  any  parts  or  equipment. 

2.2.2  Piping  and  Valves 

The  Feedwater  Heater  Drips  System  piping  is  designed  with  welded  joints  in 
accordance  with  ANSI  B31.1.  Piping  materials  are  in  accordance  with  ASTM 
specification  A106,  carbon  steel.  Valve  body  materials  are  compatible  with 
pipe  materials. 

The  drain  valves  are  diaphragm  actuated  control  type.  The  block  valves  are 
gate  type.  The  non-return  valves,  from  the  flash  tank  to  the  deaerator,  are 
free  flowing,  swinging  disc  types.  Instrumentation  valves  are  globe  type. 

2.Z..3  Electrical 

Solenoid  valves  will  be  coordinated  with  instrumentation  power  sources. 
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2.2.4  Instruments,  Controls,  and  Alarms 

Heater  drip  controls  are  designed  to  comply  with  the  ASMS  Standard  No. 
TDP-1-1980  turbine  water  induction  prevention  recommendations. 

The  following  level  detection  and  control  devices  are  associated  with  each 
heater: 

Local  level  indicator 

Pneumatic  level  controller  to  modulate  the  normal  drain  valve 
to  the  next  heater 

Pneumatic  level  controller  to  modulate  the  alternate  drain  valve 
to  the  condenser 
Low  level  switch  for  alarm  only 
High  level  switch  for  alarm  only 

Very  high  level  switch  to  close  the  drain  valve  from  the  previous 

heater,  trip  the  extraction  non-return  valve,  operate  the  extraction 
steam  isolation  valves  associated  with  the  affected  heater  and 
initiate  a very  high  level  alarm. 

Dram  temperatures  from  each  feedwater  heater  are  monitored  for  performance  as 
inputs  to  the  computer. 

3 . 0 SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

Oper.iting  procedures  based  upon  plant  design  and  in  accordance  with  the 
equipment  manufacturer's  instructions,  will  be  followed.  Feedwater  heaters 
and  the  LP  flash  tank  will  be  supplied  with  safety  and  relief  valves. 

3 . 2 HAZARDS 

No  special  hazards  exist  other  than  those  normally  associated  with  high 
temperature  pressurized  piping  systt'ms.  Automatically  operated  valves  and 
arrangement  of  level  controls  and  drains  will  prevent  the  possibility  of  water 
induction  into  the  main  steam  ..urbine  and  reduce  post-trip  overspeed 
potent ia 1 . 

3.3  PRECAUTIONS 

Extraction  line  drain  valves  must  be  opened  before  startup. 

High  water  level  in  the  heater  will  actuate  closure  of  non-return  extraction 
valves  and  motor  operated  stop  valves.  This  is  in  accordance  with  the  System 
Design  Description  for  the  Extraction  Steam  System  covering  the  extraction 
steam  valves. 

Scheduled  inspection,  calihraMon,  and  pre'**ntive  maintenance  procedure  must 
be  followed  during  normal  operation  of  the  plant. 
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4.0  HOPES  OF  OPERATION 

4.1  STARTUP 

During  low  load,  each  of  the  heaters  will  drain  independently  to  the 
condenser,  through  the  high  level  energency  control  valve  until  the  extraction 
pressures  are  sufficient  for  normal  cascading.  As  turbine  load  increases,  the 
steam  pressure  differential  between  heaters  increases  to  overcome  the  static 
pressure  head,  pipe  friction,  and  control  valve  pressure  drop  from  one  heater 
to  the  next. 

4.2  NORMAL  OPERATION 

Level  indicators  and  high  and  low  level  alarm  switches  provide  indication  that 
heaters  are  or  are  not  operating  normally  and  efficiently  within  the  water 
level  range  prescribed  by  the  heater  manufacturer.  Refer  to  section  2.2.4 
"Instruments,  Controls,  and  Alarms"  for  description  of  control  valve  and  level 
switch  operation. 

Level  control  valves  will  operate  normally  and  automatically  by  cascading  from 
the  highest  pressure  heater  to  the  lowest  pressure  heater  from  about  25  to 
100  percent  turbine  generator  load  rating.  Below  this  load,  heater  drips  will 
depend  upon  the  high  level  control  valve  to  dump  to  the  main  condenser 
depending  upon  the  extraction  steam  differential  pressure  between  the  various 
stages  and  the  difference  in  elevation  between  heaters. 

4.3  SHUTDOWN 

At  low  unit  load  (below  25  percent),  the  steam  pressure  in  heaters  is  not 
sufficient  to  send  drains  to  the  deaerator  because  the  differential  pressure 
between  heaters  is  insufficient  to  overcome  the  static  leg  associated  with  the 
difference  in  elevation.  Therefore,  increasing  water  level  in  the  heater 
opens  the  alternate  drain  valve  to  the  main  condenser. 

Heaters  are  taken  out  of  service  by  motor-operated  feedwater  b'j’pass  valves. 

The  outlet  motor  operated  stop  check  valve  is  then  secured  after  opening  the 
bypass,  as  described  in  the  Boiler  Feedwater  System  Design  Description  for 
Fluid  System  Diagram  8270-1-521-302-081. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Level  alarms  provide  warning  in  the  control  room  that  heaters  are  operating 
outside  the  water  level  range  prescribed  by  the  heater  manufacturer.  These 
consist  ot  a low  water  level  switch,  a high  water  level  switch  and  a very  high 
level  switch  which  alarm  in  the  main  control  room.  In  addition  to  alarming, 
the  very  high  level  switch  initiates  the  following  functions  for  prevention  of 
water  induction  into  the  main  steam  turbine: 

Closes  the  drain  valve  from  the  previous  heater. 

Closes  the  motor  operated  extraction  valve  to  the  heater. 

Opens  the  alternate  drain  valve  to  the  condenser. 

Trips  the  extraction  non-return  valves  to  the  heaters. 
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5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Indicating  instruaients  are  supplied  for  each  heater  as  well  as  points 
transmitted  to  the  computer.  Plant  operators  record  this  information  on  a 
shift  basis.  The  operator's  log  is  used  to  calculate  performance  as  a check 
on  the  computer  output. 

5.2  INSERVICE  INSPECTION 

Heater  systems  are  inspected  for  leaks  as  a check  on  operation.  High  water 
level  control  valves  are  provided  with  inlet  stop  valves  only.  The  downstream 
drain  piping  temperature  must  be  checked  during  operation  to  determine  if 
maintenance  will  be  required  during  the  next  scheduled  plant  shutdown.  This 
check  will  be  for  abnormally  high  temperature  or  noise. 

The  condition  of  the  target  plate  downstream  of  each  normal  operating  drip 
control  valve  must  be  checked  periodically. 

All  high  and  low  level  alarms  must  be  checked  on  a routine  basis.  Water  level 
should  be  checked  daily  by  the  operating  personnel. 

5.3  PREVENTATIVE  MAINTENANCE 

A routine  preventative  maintenance  schedule  must  be  adhered  to.  This  includes 
inspection  and  calibration  of  instruments,  controls,  and  valves  to  ensure  they 
are  operating  within  their  prescribed  range.  Provisions  have  been  made  to 
enable  doing  this  during  norm.il  plant  operation. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacture r ' s Inst r uct ions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
plant  personnel  in  the  maintenance  of  any  piece  of  equipment.  If  necessary, 
the  manufacturer  can  provide  a service  engineer  to  supervise  the  overhaul  or 
replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

Manufacturers  will  provide  lists  of  recommended  spare  parts.  Critical  parts 
and  parts  requiring  long  lead  (delivery)  times  will  be  kept  in  inventory  at 
the  plant . 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

Thii  docunent  presents  s description  of  the  Feedwater  Heater  Vents,  Drains, 
and  Reliefs  Systen  and  the  Miscellaneous  Drains  Systeai  as  depicted  on  Fluid 
Systen  Diagrasis  8270-1-525-302-113  and  8270-1-519-302-121.  The  dociusent 
includes  descriptions  of  <tystem  functions,  interfaces  with  other  systems, 
equipment  and  piping  requirements,  design  criteria,  description  of  components, 
operating  modec,  and  safety  and  maintenance  requirements. 

1 . } FUNCTIONAL  REQUIREMENTS 

1.1.1  The  Feedwater  Heater  Vents,  Drains  and  Reliefs  System  is  designed  to 
provide  draining  and  venting  of  the  feedwater  heaters  to  the  main 
condenser  through  piping  and  valves  from  the  following  points. 

1 . Main  Deaerator 

2.  Feedwater  Heaters  2A  and  2B 

3.  Feedwater  Heaters  3A  and  3B 

4.  Feedwater  Heaters  4A  and  4B 

1.1.2  The  Miscellaneous  Drains  System  is  designed  to  convey  condensed 
steam  (condensate)  drains  through  piping  and  valves  to  the  main 
condenser  from  the  following  points: 

1.  High  Pressure  (HP)  Turbine  Main  Steam  (2  lines) 

2.  HP  Turbine  Exhaust  (2  lines) 

3.  Cold  Reheat  (1  line) 

4.  Extraction  Steam  to  Feedwater  Heaters  4A  and  4B  (2  lines) 

5.  Hot  Reheat  Steam  to  Intermediate  Pressure  (IP)  Turbine  (2 

lines) 

6.  Extraction  Steam  to  Feedwater  Heaters  3A  and  3B  (1  header,  2 
branches) 

7.  Extraction  Steam  to  Feedwater  Heaters  2A  and  2B  (1  header,  2 
branches) 

8.  Intermediate  Pressure  (IP)  to  Low  Pressure  (LP)  Cross-Over 

9.  Deaerator  Extraction  Steam  (1  line) 

10.  Hot  Reheat  Steam  to  Boiler  Feed  Pump  Turbines  "B"  and  "C"  (1 
each  line) 

11.  Hot  Reheat  Steam  to  Oxidant  Turbine  (1  line) 

12.  Hot  Reheat  Steam  to  Air  Separation  Unit  (ASU)  Turbine  (1  line) 

1.2  SYSTEM  INTERFACES 

Major  equipment  components  involved  with  the  Feedwater  Heater  Vents,  Drains 
and  Reliefs  System  and  the  Miscellaneous  Drains  System  include  the  HP,  IP  and 
LP  turbines;  Boiler  Feedwater  Pump  (BFP)  turbines  "B"  and  "C";  the  two  Oxidant 
turbines;  the  ASU  turbine;  the  Feedwater  Heaters  Nos.  2A,  2B,  3A,  3B,  4A,  and 
4B;  and  the  Main  Deaerator.  These  components  are  described  in  the  System 
Design  Descriptions  which  interface  with  Miscellaneous  Drains,  namely  Main  and 
Reheat  Steam,  Condensate,  and  Extraction  Steam. 
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1.3  DESIoN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requireawnts,  pressure-teaq>erature 
ratings,  and  aysten  liaiits  to  be  used  in  the  selection  of  the  required 
components . 

Engineering  design  criteria  for  all  disciplines  are  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  governmental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standauus 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fittings  Industry 
(MSS) 

6.  Pipe  Fabrication  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  pipe  sizing  flow  rates  are  taken  from 
the  plant  heat  and  flow  balance  diagram  and  tabulated  on  the  fluid  system 
diagrams  8270-1-525-302-113  and  8270-1-519-302-121.  Flow  rates  are  those 
occurring  during  turbine  startup  with  the  Heat  Recovery/Seed  Recovery  (HR/SR) 
steam  outlet  at  20  percent  Maximum  Continuous  Rating  conditions.  Drain  pipe 
sizing  IS  based  on  pressuie  drop  and/or  condensate  velocity  in  the  piping. 
Condensate  veloci:y  is  limited  to  6 feet  per  second. 

All  manifolds  consist  of  drains  which  are  grouped  at  approximately  the  same 
operating  pressure. 

All  drains  and  manifold  connections  at  the  condenser,  are  located  above  the 
hotwell  level. 

Drain  lines  from  high  pressure  sources  are  sized  to  ensure  adequate  flow  area 
for  volume  increases  following  a critical  pressure  drop  through  the  drain 
valve. 

The  cross  sectional  area  of  each  drain  manifold  is  ten  times  the  combined  area 
of  all  drains  connecting  to  the  manifold. 

Locked  open  isolation  valves  are  provided  for  maintenance  of  all  drain  valves. 
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2.0  DESIGN  DESCRIPTION 

The  Feedwater  Heater  Vents,  Drains  and  Reliefs  Systesi  and  the  Miscellaneous 
Drains  Systesi  consist  of  piping,  valves  and  controls.  The  major  equipment 
components  are  covered  in  System  Design  Descriptions  noted  in  Section  1.2. 

2.1  SUMMARY  DESCRIPTION 

This  System  Design  Description  describes  drains,  vents,  and  reliefs  from  the 
Feedwater  Heaters;  the  main  and  reheat  steam  system;  and  the  extraction  steam 
system.  Drains  are  provided  at  low  points  in  the  piping  systems  for  removal 
of  condensate  and  the  warmup  and  startup  periods.  Vents  are  provided  at  high 
points  in  the  feedwater  heater  system  to  remove  noncondensibles.  Reliefs  are 
provided  on  feedwater  heater  shells  and  channels  to  protect  against  over 
pressure. 

2.1.1  Feedwater  Heater  Vents,  Drains,  and  Reliefs  System 

The  feedwater  heater  shells  are  vented  to  the  main  condenser.  Each  feedwater 
heater  has  five  separate  vent  lines;  each  line  is  equipped  with  an  orifice 
plate  and  an  isolation  valve.  The  vent  lines  are  connected  to  a common  header 
which  is  piped  to  the  main  condenser.  A bypass  line  is  installed  around  one 
orifice  plate  at  each  end  of  the  shell,  to  be  used  during  startup. 

The  feedwater  heater  channel  vents  are  double  valved,  and  open  to  the 
atmosphere  at  the  feedwater  heater.  The  shell  safety  relief  valve  discharges 
are  piped  through  the  building  roof.  Safe  valve  connectors  are  mounted  on  the 
discharge  of  each  valve. 

The  main  deaerator  has  four  separate  vent  lines.  Each  vent  line  is  equipped 
with  an  orifice  plate,  an  isolation  valve  and  a bypass  around  each  orifice 
plate  and  valve.  These  vent  lines  are  connected  to  a common  header,  equipped 
with  a three  way  control  valve  which  is  actuated  by  a pressure  switch  mounted 
on  the  main  deaerator.  During  startup,  the  valve  is  open  to  the  main 
condenser.  During  normal  operation,  the  valve  is  open  to  the  atmosphere,  via 
piping  through  the  building  roof. 

Two  safety  relief  valves  mounted  on  the  deaerator  are  piped  through  the 
building  roof.  Each  safety  relief  valve  has  a safety  valve  connector  at  the 
valve  discharge. 

The  vent  manifolds  of  feedwater  heaters  4A  and  4B  are  combined  into  one  common 
line  and  routed  to  the  high  pressure  end  of  the  main  condenser  inlet  manifold. 

The  vent  manifolds  of  feedwater  heaters  3A  and  3B  are  combined  into  one  common 
line  and  piped  to  the  main  condenser  inlet  manifold. 

The  vent  manifolds  from  feedwater  heaters  2A  and  2B  are  combined  into  one  line 
and  piped  to  the  low  pressure  end  of  the  main  condenser  inlet  manifold. 
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2.1.2  Miscellaneoui  Draina 
Miacellaneoua  draiai  are  as  follows: 

1.  Main  Steaa  Drains 

These  drains  are  provided  with  motor  operated  valves  which  are  autoiaatically 
opened  on  turbine  loads  below  20  percent.  The  set  point  is  adjustable.  All 
main  steam  drains  must  be  operable  during  startup  and  shutdown  operation  below 
20  percent  load. 

2.  Drains  Upstream  of  Main  Steam  Control  Valves 

These  drain  lines  have  motor  operated  valves  provided  by  the  turbine 
manufacturer.  The  valves  are  operated  from  the  stain  control  room  for  warmup 
during  the  turbine  startup  sequence.  These  drains  are  equipped  with  a stop 
valve  upstream  of  the  suiin  steam  control  valve.  Operation  of  these  valves  is 
outlined  in  the  SDD  covering  the  turbine  generator. 

3.  High  Pressure  T'lrbine  Casing  Drains 

These  drains  have  motor  operated  valves  which  are  operated  from  the  stain 
control  room.  The  valves  should  be  opened  during  startup  and  shutdovm  when 
the  high  pressure  turbine  casing  tesiperature  is  below  600  F.  The  valves 
should  be  closed  when  the  high  pressure  turbine  casing  temperaturi  is  above 
600®F. 

4.  Cold  Reheat  and  Heater  Lines  4A  and  4P 

These  drains  originate  at  drain  pots  in  the  cold  reheat  line  and  the 
extraction  lines  to  heaters  4A  and  4B.  The  discharge  from  each  drain  pot  is 
routed  through  a motor-operated  drain  va]ve  to  a common  line  and  then  to  the 
main  condenser  drain  manifold.  The  drtin  valves  are  open  during  startup. 

5.  Hot  Reheat  Drains 

These  drains  are  provided  will,  motor  operated  drain  valves  which  are 
automatically  opened  at  turbine  loads  below  30  perc-*nt.  The  set  point  is 
adjustable . 

6.  Reheat  Control  Valves  Upstream  Drains 

These  drains  have  motor  operated  valves  provided  by  the  turbine  manufacture’’. 
The  valves  are  manually  operated  from  the  control  room.  The  valves  should  be 
opened  during  startup  and  shutdown. 

The  drains  from  the  hot  reheat  and  the  reheat  control  valves  are  combined  intc 
a single  line  and  conveyed  to  the  main  condenser  sianifold  through  an  isolation 
valve,  which  is  locked  open  during  normal  operation. 
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7.  Extraction  Drains  Fron  Heaters  3A  and  B,  2A  and  B 

These  drains  originate  at  a drain  pot  in  the  extraction  piping  and  terminate 
at  the  main  condenser  drain  manifold.  The  discharge  of  each  drain  pot  is 
controlled  by  a motor-operated  drain  valve.  The  drain  from  the  extraction 
header  is  piped  directly  to  the  condenser  drain  manifold;  the  heater  branches, 
however,  have  the  drain  lines  combined  into  a comnon  line  which  is  routed  to 
the  main  condenser  drain  manifold. 

8.  l.D.  to  L.P.  Cross-Over 

The  I.P.  to  L.P.  cross-over  drains  are  routed  from  a drain  pot  in  the 
cross-over  line  through  a motor-operated  drain  valve  to  the  main  condenser 
drain  manifold. 

9.  Extraction  Drains  from  the  IP  and  LP  Turbines 

These  drains  are  routed  directly  to  the  main  condenser  drain  manifold  through 
a motor-operated  drain  valve. 

10.  Hot  Reheat  Drains  from  Boiler  Feed  lump  Turbines  B and  C 

Hot  reheat  drains  upstream  of  both  the  control  valve  and  stop  valve  of  BFP 
turbines  B and  C are  routed  through  motor  operated  drain  valves  to  the  main 
condenser  manifold.  These  valves  are  automatically  opened  at  turbine  loads 
below  20  percent.  The  set  point  is  adjustable. 

11.  Hot  Reheat  Drains  from  the  Oxidant  and  Air  Separation  Unit  Turbines 

Drains  from  upstream  of  the  turbine  stop  and  control  valves  are  conveyed  to 
their  respective  drain  manifolds  through  motor  operated  drain  valves.  The 
drain  valves  are  preset  to  open  automatically  at  turbine  loads  below  20 
percent.  The  set  point  is  adjustable. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

Major  equipment  components  shown  on  the  Feedwater  Heater  Vents,  Drains  and 
Reliefs  System  and  the  Miscellaneous  Drains  System  diagrams  are  the  main 
turbine  (HP,  IP  and  LP  casings);  oxidant  turbines;  ASU  turbine;  the  BFP 
turbines  B and  C;  the  Kejowater  heaters  2A,  2B,  3A,  3B,  4A  and  4B;  and  the 
Main  Cycle  Deaerator.  These  items  are  described  in  the  following  system 
design  description.s : 
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Itea 

Main  Turbine 

Oxidant  Turbine 
ASU  Turbine 
BFP  Turbines 

Feedwater  Heaters 

Main  Cycle  Deaerator  Condensate  8270-1-511-302-101 

2.2.2  Piping  and  Valves 

2.2.2. 1 Piping 

Drain  piping  from  the  LP  turbine  extraction  lines  is  ASTM  A106  Grade  C carbon 
steel.  The  main  condenser  drain  manifold  for  that  pressure  level  is  also  A106 
Grade  C carbon  steel  pipe. 

.\11  other  drain  piping  is  ASTM  A335  Grade  P22  chrome  molybdenum  steel. 

Piping  conforms  to  ANSI  B31.1. 

2. 2. 2. 2 Valves 

Valves  are  carbon  steel  or  alloy  steel  as  required  to  conform  to  the  piping  in 
which  they  are  installed. 

Motor  operated  shutoff  valves  are  provided  in  the  main  turbine,  main  steam  and 
reheat  steam  line  drains  by  the  turb'ne  manufacturer. 

Motor  operated  shutoff  valves  are  also  installed  in  the  hot  reheat  drain  lines 
from  the  Oxidant,  ASU  and  BFP  turbines. 

All  other  main  turbine  drain  lines  have  motor-operated  shutoff  valves 
installed  in  them. 

2.2.3  Electrical 

Motor-operated  valves  are  460  volt,  3 phase,  60  Hz,  with  power  supplied  from 
the  480  volt  motor  control  centers. 

2.2.4  Instruments,  Controls  and  Alarms 

The  instruments  and  controls  associated  with  the  drains  system  include  the 
following: 


System  Design  Fluid 

Description  System  Diagram 

Main  and  Reheat  8270-1-511-302-011 

Steam  System 

Oxidant  Supply 

Oxidant  Supply 

Boiler  Feedwater  8270-1-521-302-081 

System 

Boiler  Feedwater  8270-1-521-302-081 
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1.  Local  pressure  indicators  are  located  on  each  drain  nanifold. 

2.  Position  indicating  lights  are  located  in  the  main  control  room  for  all 
automatic  drain  valves.  This  is  accomplished  with  limit  switches  mounted 
on  each  valve,  which  indicate  fully  open  and  fully  closed  position. 

3.  Main  and  Reheat  Steam  drain  pot  level  switches,  are  shown  on  Fluid  System 
Diagram  8270-1-501-302-011. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  major  equipment  operating  limits  and  protective  devices  will  be  described 
and  included  in  System  Design  Descriptions  noted  in  Section  1.2. 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
required . 

3.2  HAZARDS 

No  special  hazards  are  considered  to  exist  in  the  Feedwater  Heater  Vents, 
Drains  and  Reliefs  System.  All  safety  valves  are  piped  to  atmosphere 
(external  to  building  enclosure)  for  personnel  protection.  Drains  and  channel 
reliefs  are  piped  to  floor  drains.  Channel  vents  must  be  opened  with  caution, 
since  these  are  open  to  atmosphere  at  the  heater  area. 

No  special  personnel  hazards  are  considered  to  exist  in  the  Miscellaneous 
Drains  System  beyond  those  normally  observed  in  conjunction  with  high 
temperature  and  high  pressure  piping. 

U . 0 MODES  OF  OPERATION 

4 . 1 STARTUP 

During  plant  startup,  when  venting  and  draining  requirements  are  greatest,  the 
orifice  bypasses  at  each  end  of  each  feedwater  heater  are  manually  opened. 

All  heater  flushing  drain  valves  are  closed.  Channel  vents  are  cracked  open 
to  remove  non-condensibles,  then  closed.  The  main  deaerator  vents  are  open  to 
the  main  condenser  through  the  pneumatic  three-way  valve,  which  is  positioned 
from  a main  deaerator  pressure  switch. 

All  automatic  drain  valves  must  be  set  in  the  "Open"  position  and  remain  in 
the  "Open"  position  until  plant  load  reaches  at  least  20  percent,  to  comply 
with  turbine  manufacturer's  recommendations.  At  20  percent  load  (increasing) 
the  drain  valves  are  set  for  automatic  operation  by  the  main  control  room 
operator . 
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4.2  NORMAL  OPERATION 

During  normal  operation,  venting  from  each  feedwater  heater  flows  through  the 
restriction  orifices  with  all  bypasses  closed.  Main  Deaerator  vents  are  open 
to  atmosphere  through  the  three-way  valve  in  the  manifold  line. 

The  Miscellaneous  Drains  System  is  fully  automated  above  15  percent  plant 
load,  for  normal  operation  and  for  normal  load  changing. 

4.3  SHUTDOWN 

During  normal  shutdown,  the  venting  equipment  arrangement  is  the  same  as  for 
normal  operation.  When  the  heaters  are  isolated  for  maintenance,  shell  and 
tube  sides  can  be  drained  through  the  valves  provided. 

In  a normal,  controlled  shutdown  the  steam  drain  valves  are  opened  at  15 
percent  load  on  the  steam  turbine  generator.  No  other  operator  action  is 
required. 


5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Monitoring  of  the  position  indicating  lights  located  in  the  main  control  room 
should  be  performed  periodically  during  normal  operation  to  alert  to  any 
m;>lfunction. 

5.2  INSERVICE  INSPECTION 

All  piping,  valves,  controls,  gauges,  pipe  supports,  etc.,  shall  be  inspected 
during  system  operation  to  verify  that  the  equipment  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

Piping  shall  be  monitored  for  wall  thickness,  on  a yearly  basis,  in  selected 
areas  where  erosion  and/or  corrosion  may  occur.  These  areas  will  most  likely 
be  directly  downstream  of  the  automatic  drain  valves  and  the  motor  operated 
valves . 

All  valve  stems  should  be  greased  on  a routine,  periodic  basis.  Each  valve  in 
the  system  should  be  opened  and  closed  during  plant  maintenance  shutdowns. 
Valve  packing  should  be  inspected  yearly  and  maintained  in  proper  condition. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 
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5.4.2  Spare  Parts  Inventory 

The  manufacturers  will  supply  lists  of  reconnended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUNCTION  AND  DESIGN  REQUIREMENTS 

This  docuaent  preients  » description  of  the  Condenser  Air  Renoval  Syt.  t.esi  as 
depicted  on  Fluid  System  Diagram  8270*'l-491-302-131 , Condenser  Air  Removal. 

The  document  includes  descriptions  of  system  functions,  interfaces  with  other 
systems,  equipment  and  piping  requirements,  design  criteria,  coaq>onents, 
operating  modes,  and  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Condenser  Air  Removal  System  is  designed  to  remove  air  and  any  other 
noncondensable  gases  from  the  main  condenser,  Oxidant  compressor  condensers 
and  Air  Separation  Unit  (ASU)  compressor  condenser. 

Two  rotary  vacuum  pumps  and  a steam  jet  air  ejector  (SJAE)  are  provided  to 
remove  the  noncondensable  gases  from  the  surface  condensers  and  discharge  them 
to  atmosphere. 

1 . 2 SYSTEM  INTERFACES 

Major  equipment  components  involved  with  the  Condenser  Air  Removal  System 
include  the  Main  condenser,  two  Oxidant  compressor  condensers,  ASU  compressor 
condenser,  SJAE  (with  auxiliaries),  and  two  vacuum  pumps  (with  auxiliaries). 

The  Condenser  Air  Removal  System  interfaces  with  the  Main  acd  Reheat  Steam 
System  and  the  Condensate  System.  These  systetas  are  described  in  their 
respective  system  descriptions. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components.  Air  ejection  rates  have  been  determined  in  accordance  with 
criteria  estoblished  by  the  Heat  Exchange  Institute  (HEI). 

Engineering  design  criteria  for  all  disciplines  are  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  issued  by  governmental 
agencies,  recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 

2.  American  Society  of  Mechanical  Engineers  (ASME) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

4.  American  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 

6.  Pipe  Fabricators  Institute  (PFI) 
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7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (HFPA) 

10.  Heat  Exchange  Institute  (HEI) 

1.3.2  Design  Parameters 

Noncondensable  flow  rates  from  the  condensers  are  based  on  the  quantities  of 
steam  condensed.  These  values  are  taken  from  the  Sixth  Edition  of  HEI 
Standards  for  Surface  Condensers  and  are  used  to  determine  pipe  sizes  and  to 
select  equipment. 

2.0  DESIGN  DESCRIPTION 


The  Condenser  Air  Removal  System  consists  of  two  rotary  vacuum  pumps,  cteam 
jet  air  ejector,  silencer,  piping,  valves  and  instrumentation. 

2.1  SUMMARY  DESCRIPTION 

The  Condenser  .Air  Removal  System  utilizes  two  half  capacity  rotary  vacuum 
pumps  and  a steam  jet  air  ejector  to  remove  noncondensable  gases  and  air  from 
the  steam  space  of  the  four  surface  condensers. 

The  surface  condensers  are  2*pass  with  divided  waterboxes.  Each  condenser 
half  has  its  own  air  removal  line  which  includes  an  isolation  butterfly  valve. 
The  air  removal  lines  are  piped  to  a common  line  which  goes  to  a header.  From 
the  header,  separate  lines  are  piped  to  the  rotary  vacuum  pumps  and  the  steam 
jet  air  ejector. 

The  SJAE  is  a single  element  two  stage  type;  equipped  with  intercondensers  and 
after  condensers.  It  is  used  as  a backup  *'~>r  holding  vacuum  in  the  evert  of 
local  power  failure.  Cycle  steam  is  admitted  to  i he  ejector  where  the 
noncondensable  gases  and  air  are  mixed  to  entr*»in  the  gases  in  the  steam  jet. 
The  mixture  then  passes  through  the  intercondenser  where  the  steam  is 
condensed  to  a second  stage.  The  second  stage  ejector  discharges  the  mixture 
into  the  aftercooler  where  the  steam  is  condensed  before  the  n^ncondensables 
are  discharged  to  atmosphere. 

Condensate  drains  from  the  intercooler  and  the  aftercooler  are  returned  to  the 
main  condenser  hotwell.  The  aftercooler  drain  line  is  fitted  with  an 
automatic  trap  and  the  common  drain  line  to  the  condenser  is  designed  with  a 
loop-seal  arrangement  to  permit  proper  drainage. 

Each  rotary  vacuum  pump  is  part  of  an  equipment  package  which  includes  an 
automatically  controlled  air  ejector  that  operates  when  the  system  vacuum  is 
very  high.  The  air  ejector  uses  air  as  the  motive  fluid  to  entrain  the 
noncondensables,  and  operates  as  a hogger  during  startup  or  to  rapidly  reduce 
high  pressure  in  the  condensers.  At  lower  vacuums,  the  air  ejector  is 
bypassed  automatically  and  the  rotary  vacuum  pump,  pumps  directly  Irom  the 
condensers.  A 3-port  control  valve  shuts  off  air  to  the  air  ejector  and  opens 
tne  bypass  control  valve  when  the  vacuum  reaches  a predetennined  level. 
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One  rotary  vacuum  pump  is  normally  operated  and  the  other  maintained  for 
standby.  A decrease  in  the  set  level  of  system  vacuum  will  automatically 
start  the  standby  pump.  Both  pumps  will  continue  to  operate  until  the  standby 
is  manually  turned  off  from  the  control  room. 

The  rotary  vacuum  pumps  are  of  the  liquid  ring  type.  Sealing  liquid  (water) 
is  part  of  a closed  loop  consisting  of  a heat  exchanger,  separator,  and  a 
circulating  water  pump. 

Each  vacuum  pump  package  has  its  own  air/water  separator.  The  discharge  from 
each  pump  is  piped  to  the  separator  which  remo^'es  the  moisture  from  the 
noncondensable  gases,  and  discharges  the  air  to  atmosphere  via  a silencer. 

Seal  water  for  priming  the  rotary  vacuum  pumps  is  provided  by  the  liquid 
collected  in  the  separator.  A recirculation  centrifugal  pump,  pumps  the 
liquid  through  a heat  exchanger  before  it  enters  the  vacuum  pump.  Condensate 
from  the  condensate  system  is  used  for  makeup  and  as  the  cooling  medium.  To 
ensure  that  an  adequate  amount  of  liquid  is  in  the  separator,  a float  control 
valve  is  provided  in  the  vacuum  pump  separator  to  control  the  makeup  water 
flow.  During  operation  of  the  vacuum  pump,  water  vapor  from  the  condenser 
that  is  condensed  within  the  exhauster  provides  continuous  makeup  to  the 
system.  To  remove  excess  water  a 1 i.n>.  is  piped  from  the  separator  to  waste. 
This  excess  flow  is  controlled  by  v C jat  control  valve  on  the  separator. 

A rotometer  is  provided  on  the  rotary  vacuum  pumps  for  air  leakage 
roeasuremer>t.  Silencers  are  provided  at  the  discharge  of  the  vacuum  pumps  for 
noise  su',<p~ession.  The  rotary  vacuum  pumps  discharge  to  atmosphere  above  the 
turbine  room  roof. 

2.2  DETAILED  DESCRIPTION 


2.2.1  Major  Equipment 

2. 2. 1.1  Steam  Jet  Air  Ejector 


Quantity 

No.  of  elements 

No.  of  stages 

Max.  Steam  Inlet  Temperature 
Max.  Steam  Inlet  Pressure 
Design  Capacity 
(Dry  air  leakage  removal) 


2.2. 1.2  Rotary  Vacuum  Pumps 


Quantity 

Type 

Design  Capacity 

(Dry  air  leakage  removal) 

Holding  Capacity 

Motor  hp 

Speed 


1 

1 

2 

620“F 
235  psig 
27.5  scfm 


2 

Rotary  Vane,  Liquid  Sealed 
30  scfm 

50  scfm  ^ 2.5"  HgA 
150  hp 
1850  rpm 
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2.2.2  Piping  and  Valves 

The  Condenser  Air  Renoval  System  piping  is  designed  with  welded  joints  in 
accordance  with  ANSI  B31.1.  Piping  is  ASTM  A106,  Grade  B or  ASTM  A53  Grade  B 
seamless  carbon  steel. 

Manually  operated  butterfly  valves  are  provided  on  the  air  offtake  of  each 
surface  condenser  half.  Diaphragm  operated  butterfly  valves  are  provided  on 
the  inlet  line  to  the  rotary  vacuum  pumps  and  the  SJA£. 

Air  removal  lines  to  the  steam  ejector  and  the  vacuum  pumps  contain  isolation 
gate  valves  and  control  valves. 

Valve  materials  are  compatible  with  pipe  materials. 

2.2.3  Electrical 

Each  vacuum  pump  motor  is  provided  with  a NEMA  size  5 starter.  The  starters 
will  be  located  in  a motor  control  center  (MCC)  near  the  motors.  The  MCC  will 
be  fed  from  a 480  volt  switchgear  breaker  located  in  a load  center. 

2.2.4  Instruments,  Controls  tnd  Alarms 

The  Condenser  Air  Removal  System  is  provided  with  appropriate  locally 
installed  instrumentation  for  sensing  flow,  pressure,  level  and  temperature. 

The  vacuum  pumps  are  monitored  and  controlled  from  the  main  control  room. 

After  starting,  a pump  will  function  automatically  as  the  vacuum  conditions 
change . 

3 . 0 SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  piping  and  valve  design  limits  are  equal  to  or  greater  than  those  of  the 
connecting  equipment.  Therefore,  no  additional  protective  devices  are 
requi red . 


3 . 2 HAZARDS 

No  major  personnel  hazards  are  considered  to  exist  in  the  Condenser  Air 
Removal  System.  However,  plant  personnel  must  be  aware  oi  high  temperature 
lines  to  the  steam  ejector  and  observe  safety  precautions  normally  required 
for  electrical  motors. 
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3.3  PRECAUTIONS 

Before  starting  the  rotary  vacuum  pump,  a check  should  be  made  to  ensure  that 
the  recirculation  pump  is  running  and  delivering  sealing  liquid  to  the  vacuum 
pump.  Starting  the  vacuum  pump  without  liquid  in  the  casing  will  result  in 
serious  damage. 

4.0  HOPES  OF  OPERATION 

4.1  STARTUP 

The  Condenser  Air  Removal  System  is  started  after  adequate  gland  steam  sealing 
pressure  is  established  to  the  turbines.  The  startup  procedure  is  briefly  as 
follows : 

1.  All  isolating  gate  and  butterfly  valves  on  the  air  removal  lines  from  the 
condensers  to  the  rotary  vacuum  pumps  are  opened. 

2.  Condensate  flow  is  established  thorugh  the  sealing  liquid  heat  exchanger. 

3.  Recirculation  pump  is  started  from  the  main  control. 

4.  One  rotary  vacuum  pump  is  started  from  the  main  control  room. 

Operation  of  the  rotary’  vaciuim  pump  is  completely  automatic  once  started. 
During  startup  or  when  condenser  pressure  is  very  high  the  atmospheric  air 
ejector  operates  in  series  with  the  rotary  vacuum  pump.  When  the  inlet 
pressure  is  reduced  to  condenser  design  conditions,  the  air  ejector  is 
bypassed  and  the  rotary  vacuum  pump  operates  on  its  own  to  hold  vacuum  at  an 
optimum  level. 

The  procedures  for  starting  the  SJAE  are  as  follows: 

1.  Confirm  condensate  is  flowing  through  the  intercondenser  and  the 
aftercondenser. 

2.  Open  LT  Reheat  steam  control  valve  to  allow  steam  to  the  SJAE. 

3.  Open  isolating  control  valve  on  air  removal  line  to  the  SJAE. 

4.  Close  isolating  valves  for  rotary  vacuum  pumps. 

4.2  NORMAL  OPERATION 

Normal  operation  of  the  Condenser  Air  Removal  System  is  achieved  when  one 
vacuum  pump  is  able  to  hold  system  vacuum  at  the  desired  optimum  level. 


4 . 3 SHUTDOWN 

The  Condenser  Air  Removal  System  is  in  continuous  operation  when  the  plant  is 
operating  and  will  only  be  shutdown  in  conjunction  with  a plant  shutdown. 
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To  shutdown  a rotary  vacuum  pump  or  the  SJAE,  the  startup  procedure  under 
Section  4.1  is  reversed. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Operation  of  the  SJAE  will  be  infrequent.  No  special  or  infrequent  operation 

of  any  other  equipment  in  the  Condenser  Air  Removal  System  is  anticipated. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Air  leakage  into  the  condensers  will  be  measured  by  the  rotometer  provided  on 
each  separator,  and  by  a metering  orifice  and  manometer  when  the  steam  ejector 
is  in  operation. 

Operating  personnel  will  record  these  measurements  at  regular  intervals  and 
use  them  to  determine  if  there  is  excessive  air  leakage  into  the  condensers. 

5.2  INSERVICE  INSPECTION 

During  Condenser  Air  Removal  System  operation,  regular  checks  must  be  made  to 
ensure  that  all  equipment  and  components  are  operating  properly.  These  checks 
will  be  in  accordance  with  the  manufacturer's  instructions  and  standard 
operating  procedures  applicable  for  the  system. 

5.3  PREVENTATIVE  MAINTENANCE 

A preventative  maintenance  program  will  be  implemented  for  the  Condenser  Air 
Removal  System.  Normally,  any  major  overhaul  and  inspection  of  equipment  and 
components  will  be  carried  out  during  the  annual  plant  shutdown.  Other  checks 
and  inspection  as  recommr.nded  by  the  manufacturers  will  be  carried  out  more 
frequently. 

The  preventative  maintenance  program  will  also  incorporate  a lubrication 
program  for  the  rotary  vacuum  pumps. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  bocks  will  be  .jvailable  the  plant  to  guide 
plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment. 

5.4.2  Spare  Part  Inventory 

The  manufacturer  will  supply  a list  of  recommended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUHCTIOW  AND  DESIGN  REQUIREMENTS 

Thla  document  presents  a description  of  the  Plant  Makeup  Hater  System  as 
depicted  on  Fluid  System  Diagram  8270-1-582-302-161,  Plant  Makeup  Water.  The 
document  includes  descriptions  of  system  functions,  interfaces  with  other 
systems,  equipment  and  piping  requirements,  design  criteria,  description  of 
components,  operating  modes,  and  safety  and  maintenance  requirements. 

1 . 1 FUNCTIONAL  REQUIREMENTS 

The  Plant  Makeup  Water  System  is  designed  to  store,  transfer  and  treat  (when 
necessary)  the  raw  water  source(s)  so  that  they  are  suitable  as  makeup  water 
for  the  following  major  plant  uses: 

1.  Cooling  tower  makeup 

2.  Cycle  makeup 

3.  Potable  water 
<1.  Fire  service 

5.  Miscellaneous  plant  maintenance  requirements  such  as  chimney,  air  heater 
and  precipitator  washes,  boiler  chemical  cleaning  and  system  filling  and 
flushing. 

1.2  SYSTEM  INTERFACES 

Major  equipment  components  Involved  with  the  Plant  Makeup  Water  System  include 
the  Filtered  Water  Tank,  Raw  Water  Supply  Pumps  and  Storage  Tank,  Raw  Water 
Treatment  System,  Filtered  Water  Pumps,  Raw  Water  Transfer  Pumps,  Potable 
Water  Booster  Pumps  and  Hyriropneumatlc  Tank,  Makeup  Demineralizer  and 
distribution  piping  to  the  miscellaneous  services  and  plant  uses.  The  Plant 
MaKeup  Water  System  interfaces  with  other  major  systems  such  as  the 
Circulating  Water  System,  Condensate  System  and  Fire  Service.  These  are 

described  in  their  respective  System  Design  Descriptions. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluij  flow  and  storage  requirements,  pressure- 
temperature  ratings  and  system  limits  to  be  used  in  the  selection  of  required 
components. 

Engineering  design  criteria  for  all  disciplines  are  in  accordance  with 
applicable  codes,  standards,  regulations,  and  guides  by  governmental  agencies, 
recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 


System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  issued  by  the  following  organizations: 


1 . American 

2.  American 

3.  American 
^ . American 


National  Standards  Institute  (ANSI). 
Society  of  Mechanical  Engineers  (ASMF). 
Society  for  Testing  and  Materials  (ASTM). 
Welding  Society  (AW3). 
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5.  Manufacturers  Standardization  Sooiaty  of  th«  Valve  and  Fittings  Industry 
(MSS). 

6.  Pipe  Fabrication  Institute  (PFI). 

7.  Occupational  Safety  and  Health  Administration  (OSHA). 

8.  Instrument  Society  of  America  (ISA). 

9.  National  Fire  Protection  Association  (NFPA). 

10.  American  Water  Works  Association  (AWWA). 

1.3.2  Design  Parameters 

Source  water  is  assumed  as  w';ll  water  and/or  a raw  surface  water  supply  such 
as  a lake  or  river. 

Water  storage  shall  be  provided  as  follows: 

1.  Filtered  Water  Storage  Tank  - two  storage  sections  to  include: 

a.  Fire  protection  storage  - minimum  of  two  hours  at  design  flow  rate. 
This  shall  be  available  for  fire  service  at  all  times. 

b.  Cycle  makeup  water  storage  - minimum  of  24  hours  at  design  flow  rate 
of  one  demineralizer  train.  This  storage  is  in  addition  to  that 
required  for  fire  protection. 

e 

2.  Standby  Fire  Protection  Tank  - minimum  of  two  hours  at  design  flow  rate. 


3.  Raw  Water  Storage  Tank  - minimum  of  two  hours  at  design  cooling  tower 
makeup  flow  rate. 

Cycle  makeup  demlnerallzer  capacity  shall  be  3 percent  of  maximum  main  steam 
flow.  The  demlnerallzer  shall  consist  of  two  1.5  percent  trains.  The  final 
unit  in  the  train  shall  be  a mixed  bed  demineralizer. 

Channel  cooling  water  shall  be  condensate  100  percent  polished  by  a mixed  bed 
demlnerallzer. 

Basic  treatment  of  the  source  water  shall  produce  filtered  water  quality 
suitable  for  makeup  to  the  demineralizer  and  fire  protection  system. 

2.0  DESIGN  DESCRIPTION 


The  Plant  Makeup  Water  System  consists  of  water  storage  tanks,  pumps,  piping, 
valves  and  controls.  The  major  equipment  components  are  covered  in 
Section  2.2. 

2.1  SUMMARY  DESCRIPTION 

Makeup  water  for  the  plant  is  assumed  as  obtainable  from  a surface  sources  or 
wells.  If  wells  cannot  supply  enough  water  for  cooling  tower  makeup 
(2,000  - 4,000  gpm),  the  alternate  supply  from  a river  or  lake  is  required. 
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Well  water  is  aeterod  and  stored  in  a Filtered  Water  Tank  for  use  primarily  as 
a supply  for  a demineralizer  which  provides  makeup  to  the  oondensate-feodwater 
oyole  and  for  fire  protection.  The  upper  portion  of  the  storage  tank  is  i*sed 
as  oyole  makeup.  The  lower  portion  of  the  tank  is  available  for  fire 
protection  only  and  is  piped  accordingly  to  achieve  this  requirement.  A 
Filtered  Hater  Pump  (and  a 100  percent  spare  pump)  is  provided  whioh  draws 
wster  from  the  Filtered  Water  Tank  and  pumps  it  to  the  makeup  demineralizer 
system  and  other  services  which  require  filtered  water. 

A separate  line  from  the  well  water  supply  is  provided  for  potable  water 
service  in  the  plant.  The  supply  pressure  is  boosted  by  a Potable  Water 
Booster  Pump  (and  a 100  pet  sent  spare  pump).  A hydropneumatic  surge  tank  is 
provided  on  the  pump  discharge.  The  tank  is  equipped  with  level  controls  and 
uses  plant  air  to  maintain  the  required  pressure  for  the  plant  potable  water 
system. 

The  makeup  demineralizer  systeip  consists  of  two  trains  each  sized  for 
i.5  percent  of  main  stoam  flow.  Each  train  consists  of  a carbon  filter, 
cation  unit,  anion  unit  and  mixed  bed  unit.  Regeneration  equipment  and 
controls  are  provided  to  regenerate  cation  and  anion  exchange  resins  with  the 
use  of  sulfuric  acid  and  sodium  hydroxide.  A control  panel  is  provided  for 
pushbutton  automatic  rageneration.  The  panel  also  includes  remote  manual 
controls  for  carbon  filter  backwash,  flow  meters,  conductivity,  pH  and  silica 
analyzers  and  recorders,  alarms,  timers,  pump  and  valve  control  switches,  and 
Indicating  lights. 

The  Raw  Water  Storage  Tank  stores  well  water  (or  other  source).  A Raw  Water 
Transfer  Pump  (and  a 100  percent  spare  pump)  is  provided  to  pump  makeup  to  the 
cooling  tower  from  the  Raw  Water  Storage  Tank.  Raw  water  is  piped  also  to 
other  miscellaneous  intermittent  requirements  such  as  chimney,  air  heater  and 
precipitator  washing  systems. 

Alternatively,  the  system  is  r-"anged  to  treat  raw  water  from  another  source 
to  produce  filtered  water  for  storage  in  the  Filtered  Water  Tanka.  This  would 
supplement  and/or  replace  the  requirement  for  city  water.  The  type  of 
treatment  required  for  raw  wat^r  will  be  determined  by  the  water  analysis  of 
the  wells,  river  or  lake  supply. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

2. 2. 1.1  Filtered  Water  Tank 


1. 

Capacity 

(Potable,  makeup/fire  service) 

HOO.OOO  gal 
(100,000/300,000) 

2. 

Design  pressure/temperature 

Atmos/ 100°F 

3. 

Code  or  standarc 

AWWA  or  API 

Materia) 

Carbon  Steel 

5. 

Internal  coating 

Required 

6. 

Diameter  x height 

*17  X 31  feet 
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2.2. 1.2 


Filtered  Meter  Puops 


1 . Quentity 

2.  Type 

3.  Capacity /total  head,  each 

4.  Motor  hp/rpm 

5.  Motor  volts/phase/hertz 

2. 2. 1.3  Potable  Hater  Booster  Pumps 


1. 

2. 

3. 

4. 


Number 

Type 

Capacity/total  head,  each 

Motor  hp/rpm 

Motor  volts /phase/hertz 


2. 2. 1.4  Potable  Hater  Hydropneumatic  Tank 

1 . Design  pressure/temperature 

2.  Code 

3.  Material 

4.  Internal  coating 

2. 2. 1.5  Raw  Hater  Supply  Pumps 


1 . Number 

2.  Type 

3.  Capacity/total  head,  each 

4 . Motor  hp/rpm 

5.  Motor  volts/phase/hertz 

2. 2. 1.6  Raw  Hater  Storage  Tank 


1 . Capacity 

2.  Design  pressure/temperature 

3.  Code  or  standard 

4.  Material 

5.  Internal  coating 

6.  Diameter  x height 


2. 2. 1.7  Raw  Hater  Transfer  Pumps 


1 . Number 

2.  Type 

3.  Capacity /total  head,  each 

4.  Motor  hp/rpm 

5.  Motor  volts/phase/hertz 


2 (1001  each) 

Horizon  tal-(^trifugal 

520  gpm/230  ft 

50/1800 

460/3/60 


2 (1001  each) 
Horizontal-Centrifugal 
150  gpm/150  ft 
10/3,600 
460/3/60 


100  psig/IOOoP 
ASME  VIII 
Carbon  Steel 
Required 


2 (loot  each) 

Horizontal-Centrifugal 

4,100  gpm/200  ft 

300/1,800 

460/3/60 


300,000  gal. 
Atmos/ 100OF 
AUUA  or  hPI 
Carbon  Steel 
Required 
41  X 31  feet 


2 (100}  each) 

Horizontal-Centrifugal 

4,100  gpm/230  ft 

350/1,800 

460/3/60 
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2. 2. 1.6  Makeup  Denlneralizer  System 

1 . Carbon  filters 

a.  Number 

b.  Capacity,  each 
o.  Code 

d.  Hedia/bed  depth 

e.  Mate,  ial 

f.  Internal  coating 

2.  Cation  Units 

a.  Number 

b.  Capacity,  each 

c.  Code 

d.  Design  pressure/temperature 

e.  Type  resin 

f.  Gallons  throughput  before 
exhaustion 

g.  Material/internal  lining 
rubber 

3.  Anion  Units 

a.  Number 

b.  Capacity,  each 

c.  Code 

d.  Design  pressure/temperature 

e.  Type  resin 

f.  Gallons  throughput  before 
exhaustion 

g.  Material/internal  lining 
t ubber 

U.  Mixed  Bed  Units 

a.  Number 

b.  Capacity,  each 

c.  Code 

d.  Design  pressure/temperature 

e.  Type  r-esin  cation/anion 

f.  Gallons  throughput  before 
exhaustion 

g.  Material/intornal  lining 
rubber 

5.  Acid  Storage  Tank 

a.  Type 

b.  Capacity 

c.  Material 


2 

35  gpn 
ASME  VIII 

Activated  oarbon/5  ft. 
Carbon  Steel 
Heresite  or  equal 


2 

35  gpm 
ASME  VIII 
50  pslg/IOOOP 
IR-120  or  equal 

49,000  ♦ Regen.  Water 
Carbon  Steel/3/ 1 6" 


2 

35  gpm 
ASME  VIII 
50  p3ig/100°F 
IRA-402  or  equal 

49,000  ♦ Regen.  Water 
Carbon  Steel/3/16" 


2 

35  gpm 
ASME  VIII 
50  psig/IOOOP 
IR-120/IRA-402 

35  gpm  for  7 days 
Carbon  Steel/3/ 16" 


Horizontal 
5000  gal. 

1/2"  thick  carbon  steel 
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6.  Acid  Regeneration  Pumps 


a.  Number  2 

b.  Materials  Alloy  20 

c.  Motor  hp  1.5 

d.  Motor  volts/phase/hertz  il60/3/60 


7.  Caustic  Storage  Tank 

a.  Type 

b.  Capacity 

c.  Material 

8.  Caustic  Regeneration  Pumps 

a.  Number 

b.  Materials 

c.  Motor  hp 

d.  Motor  volts/phase/hertz 

9.  Control  Panel 


Horizontal 
5000  gal. 

3/8"  thick  carbon  steel 


2 

316  SS 
1.5 

^♦60/3/60 

(to  be  determined) 


2.2.2  Piping  and  Valves 

The  piping  and  valves  for  the  various  water  services  are  provided  to  be 
suitable  for  each  application  as  follows: 

2.2.2. 1 Well  Water,  Potable  Water  and  Filtered  Water* 

1.  Below  ground  Ductile  iron,  cement 

mortar  lined,  ANSI 
A21.51. 


2 . Above  ground 

2. 2. 2. 2 Raw  Water 

1 . Below  ground 


Seamless  carbon  steel, 
ASTM  A106  Gr.  B or 
A53  Type  S,  Gr.  B or  E. 


Reinforced  fiberglass 
pipe,  ASTM  D1763  or 
D2310. 


2.  Above  ground  Seamless  carbon  steel, 

ASTM  A106  Gr.  B or  A53 
Type  S,  Gr.  B or  E. 

*2"  and  under  shall  be  hard  drawn  copper  water  tube,  ASTM  B88,  for  potable 
water. 
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2.2.2. 3 Demineralized  Water 

1.  Below  ground  Reinforced  fiberglass, 

ASTM  D1763  or  D2310. 

2.  Above  ground  Type  304L  stainless 

steel,  Sch.  10, 

ASTM  A312. 

2. 2. 2. 4 Piping  Pressure  and  Temperature  Ratings 

Piping  pressure  and  temperature  ratings  will  be  suitable  for  the  services.  It 
Is  anticipated  these  will  not  exceed  150  pslg  and  lOO^F.  Pipe  Joints, 
fittings  and  valves  will  be  compatible  with  the  pipe  materials. 

2.2.3  Electrical 

Pump  motors  are  460  volt,  3 phase,  60  Hz  with  power  supplied  from  480  volt 
motor  control  centers.  Level  controls,  solenoid  valves  and  other  controls 
will  be  coordinated  with  Instrumdutation  power  sources. 

2.2.4  Instruments,  Controls  and  Alarms 

The  Filtered  Water  Tank  is  provided  with  high  and  low  level  switches  which 
give  an  alarm  Indication  requiring  operator  action.  The  low  level  switch  will 
automatically  trip  the  operating  Filtered  Water  Pump  to  prevent  it  from 
running  dry  and  possibly  causing  damage  to  the  pump  and  motor. 

Each  Filtered  Water  Pump  Is  provided  with  a discharge  pressure  Indicator. 

Each  Potable  Water  Booster  Pump  is  provided  with  a discharge  pressure 
indicator. 

The  Potable  Water  Hydropneumatic  Tank  is  provided  with  high  and  low  level  and 
pressure  switches  to  control  the  Potable  Water  System  supply  pi-essure.  High 
level  cuts  off  the  Booster  Purp.  Low  pressure,  caused  by  a drop  in  tank 
level,  starts  the  Booster  Pump  to  maintain  a predetermined  water  level  range 
in  the  tank.  If  the  pressure  in  the  tank  falls  below  the  pump  start  pressure, 
an  air  pressure  control  valve  and  controller  are  provided  to  admit  plant  air 
to  maintain  set  pressure  within  the  control  limits  of  the  system.  Pressure 
and  level  switches  are  provided  with  alarm  contacts  to  alert  the  operators  in 
case  of  malfunction  of  the  pressure  control  system. 

Raw  Water  Supply  Pumps  are  each  provided  with  a discharge  pressure  indicator. 


The  Raw  Water  Storage  Tank  is  provided  with  a level  control  valve  and 
controller  to  maintain  a preset  level.  A level  indicator  is  also  included.  A 
tank  low  level  switch  is  also  provided  to  alarm  and  to  shut  down  a Raw  Water 
Transfer  Pump  when  activated.  A tank  high  level  switch  is  provided  to 
shutdown  the  Raw  Water  Supply  Pump  and  initiate  an  alarm  when  activated. 
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Raw  Uattr  Tranaftr  Puaps  art  Mnually  operated  with  one  puap  normally  running 
to  aupply  cooling  tower  makeup.  Baoh  puap  ia  provided  with  a disoharge 
preaaure  indicator « 

The  makeup  demlneraliier  has  its  own  set  of  instruments  and  controls  included 
with  the  package  system.  These  essentially  function  to  shut  down  or  reoyole 
the  demineralised  water  effluent  when  poor  quality  ia  indicated  or  when  the 
condensate  storage  tank  level  is  high.  A makeup  deaineraliser  system  common 
alarm  ia  actuated  in  the  main  control  room  to  indicate  "Makeup  Deaineraliser 
Trouble". 


3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

Provisions  are  included  to  Isolate  the  well  water  and  potable  system  from  any 
other  plant  system  to  prevent  contamination  of  drinking  water.  This  will  be 
accomplished  by  an  approved  backflow  preventer  or  by  a suitable  design  for 
isolating  the  well  water  supply  piping  at  the  storage  tank. 

Level  switches  are  provided  at  the  Filtered  Water  Tank  and  Raw  Water  Storage 
Tank  for  low  level  puap  trip  to  prevent  the  respective  transfer  pumps  from 
running  dry. 

A high  level  switch  is  provided  on  the  Raw  Water  Tank  to  give  an  alarm  and 
shut  down  the  Raw  Water  Supply  Puap  in  case  the  tank  level  control  system 
falls. 

The  Potable  Water  Hydropneuaatlo  Tank  is  provided  with  a safety  relief  valve. 


Filtered  Water  Pumps  and  Raw  Water  Transfer  Pump*j  are  provided  with  minimum 
recirculation  flow  orifices  to  prevent  the  pumps  from  overheating  during 
periods  of  low  flow  demand. 

Demineralizers  are  provided  wl^h  effluent  strainers  to  prevent  resin  from 
entering  the  condensate  system  in  case  the  deainerallzer  internals  fail. 

Tanks,  piping  and  valves  are  designed  for  pressures  which  exceed  the  puap 
shutoff  heads.  The  Filtered  Water  Storage  Tank  and  Raw  Water  Storage  Tank  are 
supplied  with  overflows. 

Safety  showers  and  eye  washes  are  provided  in  the  areas  where  sulfuric  acid 
and  sodium  hydroxide  for  water  treatment  are  stored  and  handled. 

3.2  HAZARDS 

A personnel  hazard  exists  in  the  areas  where  acid  and  caustic  are  stored  and 
handled.  The  equipment  in  these  areas  is  designed  to  minimize  leakage  and 
exposure  of  personnel  to  the  chemicals.  These  chemicals  can  cause  severe 
burning  when  they  come  in  contact  with  the  body. 
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3.3  PRECAUTIONS 

P«rsonn«l  prot«otlv«  equipaent  is  r«qulred  wh«n  handling  aold  or  oaustlo  and 
whan  doing  aalntananoa  or  servloa  in  tha  ohaaioal  araa.  Workara  ahould  ba 
ooaplataly  prolaotad  with  ohaal'^al  goggles  and  face  shields;  and  with  naoprana 
ooatSi  pants,  and  long  rollad-ouff  gloves.  Any  spillage  on  tha  skin  should  ba 
washed  ianadiataly  with  copious  quantities  of  water.  Operators  should  ohaok 
safety  showers  and  eyewashes  daily. 

H.O  MODES  OF  OPERATION 

4.1  STARTUP 

Initial  startup  takes  place  after  the  tanks  have  been  cleaned;  puaps  aligned, 
packed,  and  lubricated;  piping  and  equipaent  hydrotested;  pipe  lines  flushed 
clean;  electrical  wiring  checked;  and  instruments  and  controls  adjusted  and 
calibrated. 

The  valves  in  the  wc^l  water  supply  line  are  opened  to  fill  the  Filtered  Water 
Tank  and  the  Backup  Fire  Service  Water  Storage  Tank.  Close  the  well  water 
supply  valves  at  the  tanks  when  they  are  full.  Capacity  available  in  the 
Filtered  Water  Tank  is  100,000  gal.  The  remaining  300,000  gal.  are  available 
for  fire  service  only. 

Valves  are  opened  to  allow  raw  water  to  enter  the  Raw  Water  Storage  Tank,  and 
one  Raw  Water  Supply  Pump  is  started  to  fill  the  Raw  Water  Storage  Tank  to  the 
high  level.  The  level  control  valve  is  adjusted  to  maintain  a high  level 
range  in  the  tank. 

The  Plant  Makeup  Demineralizer  System  should  have  been  checked,  acid  and 
caustic  storage  tanks  filled,  and  equipment  ready  for  regeneration  of  each  ion 
exchange  unit.  The  regeneration  waste  tank  and  equipment  should  be  ready  to 
accept  waste  solutions,  neutralize  to  nn  acceptable  pH,  and  be  ready  to  allow 
pumping  out  the  waste  solution. 

The  Condensate  Storage  Tank  sho)*ld  be  available  to  receive  demineralized  water 
if  the  main  condensate-feedwater  system  is  not  yet  in  service. 

The  valves  at  one  Filtered  Water  Pump  are  opened  to  allow  water  to  be  pumped 
to  the  makeup  demineralizer  system.  Make  sure  the  minimum  recirculation  flow 
system  is  in  service.  The  required  number  of  regenerations  are  performed  on 
each  demineralizer  unit  as  recommended  by  the  demineralizer  supplier.  After 
regenerations  are  complete,  one  train  is  valved  off  and  the  other  train 
operated  so  as  to  produce  demineralized  water  at  design  flow  to  the  Condensate 
Storage  Tank.  The  demineralizer  train  is  recycled  or  shut  down  when  the  tank 
is  full. 

The  Raw  Water  Treatment  System  should  have  been  checked;  chemicals  should  have 
been  ordered;  and  the  system  should  be  ready  for  operation  to  produce  filtered 
water. 
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One  Raw  Water  Transfer  Pump  is  started  (oheok  that  the  Blnimuio  reolroulatlon 
flow  is  in  service)  to  allow  water  to  be  processed  through  the  Raw  Water 
Treatnent  Systea  at  design  flow.  Cheaioal  dosages  are  adjusted  as  reooBBended 
by  the  equipment  supplier.  Filtered  water  will  replenish  the  water  previously 
witndrawn  from  the  Filtered  Water  Tank  used  to  make  demineralised  water. 

The  Potable  Water  System  should  be  Installed,  tested,  disinfected,  and  ready 
to  receive  water  from  the  city  water  supply  piping.  Air  should  be  available 
at  the  Hydropneumatlo  Tank.  The  valves  at  one  Potable  Water  Booster  Pump  are 
opened  at  the  Hydropneumatlo  Tank.  The  air  pressure  controller  at  the  tank  is 
adjusted  so  that  air  is  admitted  below  a predetermined  setting.  One  pump  is 
started.  The  tank  high  level  and  low  pressure  switches  are  adjusted  so  that 
the  Booster  Pump  cuts  off  at  the  high  level  setting  and  starts  at  the  low 
pressure  setting.  Pressure  control  will  depend  on  the  physical 
characteristics  of  the  potable  water  distribution  system.  The  low  pressure 
setting  should  be  such  that  water  is  delivered  adequately  to  the  most  remote 
part  of  the  system. 

H.2  NORMAL  OPERATION 

The  Plant  Makeup  Water  System  should  operate  normally  on  a continuous  flow 
basis.  This  will  depend  on  the  nearly  constant  demand  for  cooling  tower 
makeup,  continuous  filtered  water  uses,  and  demineralized  makeup  to  the  main 
power  cycle. 

It  is  intended  that  filtered  water  be  used  primarily  for  potable  water  uses 
and  for  emergency  filtered  water  supply.  The  Filtered  Water  Pump  draws  water 
from  the  Filtered  Water  Tank  and  pumps  it  continuously  through  one 
demineralizer  train  for  treatment  and  for  continuous  miscellaneous  filtered 
water  uses  (such  as  pump  gland  flushing  and  mechanical  seals).  The 
demineralized  water  is  used  to  make  up  losses  from  the  power  cycle,  such  as 
boiler  drum  blowdown,  condenser  and  deaerater  vents,  continuous  sampling,  and 
equipment  leakage. 

Water  drawn  from  the  Filtered  Water  Tank  may  be  replenished  from  a well  water 
supply,  or  the  Raw  Water  Treatment  System.  Raw  water  is  also  used 
continuously  for  cooling  tower  makeup.  Cooling  tower  system  losses  are  caused 
by  evaporation,  blowdown  and  drift.  Raw  water  is  continuously  withdrawn  from 
the  Raw  Water  Storage  Tank  and  continuously  replenished  by  the  Raw  Water 
Supply  Pump  (well  water  or  other  available  supply).  Raw  Water  Tank  level  is 
maintained  by  the  level  control  valve. 

The  equipment  suppliers'  operating  instructions  shall  be  followed  for 
operation  of  the  Raw  Water  Treatment  and  Makeup  Demineralizer  Systems. 

4.3  SHUTDOWN 

The  systems  are  shut  down  primarily  by  switching  off  operating  pumps,  and 
closing  major  equipment  isolating  valves  when  necessary  for  maintenance. 

The  well  water  supply  valving  and  the  plant  air  supply  shall  be  maintained  as 
is,  so  that  potable  water  is  available  for  use  throughout  the  plant. 
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Tht  valves  on  water  lines  supplying  the  Fire  Service  Pumps  must  remain  open. 

Refer  to  the  equipment  suppliers'  operating  instructions  for  use  in  shutting 
down  the  Raw  Water  Treatment  and  Makeup  Demineralizer  Systems. 

<4.4  SPECIAL  OR  INFREQUENT  OPERATION 

Special  operation  occurs  during  a plant  unit  shutdown.  These  scheduled 
outages  require  large  quantities  of  water  for  various  cleaning  and  washing 
operations. 

Filtered  water  may  be  needed  for  boiler  circuit  chemical  cleaning  and  for 
cleaning  and  flushing  of  miscellaneous  equipment  and  piping. 

Large  quantities  of  raw  water  are  required  for  washing  fly  ash  and  soot  from 
the  air  heaters,  low  temperature  economizer,  precipitator,  and  from  Inside  the 
chimney.  During  this  period  of  high  water  usage,  it  may  be  necessary  to 
maintain  the  Raw  Water  Storage  Tank  level  by  operating  both  Raw  Water  Supply 
Pumps  simultaneously. 

If  the  use  of  filtered  water  exceeds  the  capacity  of  the  Raw  Water  Treatment 
System,  replenishment  can  be  supplemented  by  water  from  the  Filtered  Water 
Tank.  This  condition  might  also  occur  during  a fire  at  the  plant. 

High  or  low  level  alarms  at  any  of  the  water  tanks  may  be  actuated.  The  high 
level  switch  on  the  Raw  Water  Tank  may  also  be  actuated.  If  any  of  these 
occur,  the  reason  for  the  condition  should  be  determined  and  corrected. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

The  Plant  Makeup  Water  System  requires  daily  operator  surveillance.  Tank 
levels  are  monitored  on  the  in-house  computer.  Operators  should  make  periodic 
rounds  to  make  sure  pressure  gages  are  reading  their  normal  ranges,  treatment 
plants  are  producing  acceptable  water  quality,  pumps  are  lubricated  and  gland 
leakage  adjusted  properly,  and  air  pressure  is  indicated  at  any  controls  where 
required.  Unusual  noises  and  vibrations  should  also  be  detected  during  the 
rounds. 


5.2  INSERVICE  INSPECTION 

All  pumps,  tanks,  piping,  valves,  controls,  gages,  pipe  supports,  etc.,  shall 
be  inspected  periodically  during  system  operation  to  ascertain  that  the  system 
Is  operating  properly.  Any  locations  where  excessive  water  or  air  leakage  is 
detected  should  be  noted  and  reported. 

5.3  PREVENTATIVE  MAINTENANCE 

Computerized  record  keeping  will  be  Instituted  to  alert  the  operators  that 
certain  pieces  of  apparatus  need  periodic  overhaul,  repacking,  etc.,  depending 
on  the  recommendations  of  the  equipment  manufacturer.  In  general,  the  part 
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will  be  replaced  during  planned  shutdown  If  it  is  near  the  end  of  its 
reooBBended  life  oyole. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturers*  InstrMotions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  will  supply  lists  of  recommended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  Inventory. 
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1 . 0 FUNCTION  AND  DESIGN  REQUIPaMENTS 

This  docuaent  presents  a description  of  the  Sasq;>ling  Systesi  as  depicted  on 
Fluid  Systea  Diagraa  8270‘1*>633*- 302-181 , Saapling.  The  docuaent  includes 
descriptions  of  systea  functions,  interfaces  with  other  systeas,  equipaient  and 
piping  requiresients,  design  criteria,  description  of  coaponents,  operating 
SK>des,  and  safety  and  maintenance  requiresients. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Sampling  System  is  designed  to  collect  and  cool  miscellaneous  water  and 
steam  samples,  automatically  regulate  the  sample  temperatures  and  pressures, 
continuously  monitor  and  record  chemical  characteristics  and  concentrations, 
and  provide  for  manual  grab  samples  for  laboratory  analysis.  Chemical 
constituents  are  to  be  maintained  within  certain  specified  limits  established 
by  the  MHD  coaponents,  HR/SR,  turbine  and  other  equipment  suppliers. 

1.2  SYSTEM  INTERFACES 

Major  equipaient  coaponents  of  the  Saapling  Systea  include  a Primary  Cooling 
Rack,  Sssqiling  Rack,  Recorder-Analyzer  Panel,  Refrigeration  Unit,  Condenser 
Saapling  Puaqis,  sample  tubing,  piping  and  valves.  The  Saapling  System 
interfaces  with  the  following  systeas: 

Condensate 

Boiler  Feedwater 

Feedwater  Heater  Drips 

Main  Steam  and  Reheat  Steam 

Closed  Cycle  Cooling  Water 

Feedwater  Heater  and  Mi  sc.  Drains  and  Vents 

Circulating  and  Service  Water 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure-temperature 
ratings  and  system  limits  in  the  selection  of  required  components. 

Engineering,  design  criteria  for  all  disciplines  are  in  accordance  with 
applicable  codes,  standards,  regulations  and  guides  by  governmental  agencies, 
recognized  standards  organizations,  and  Gilbert  Associates  Inc. 

1.3.1  Codes  and  Standards 


System  engineering  design  is  in  accordance  with  applicable  codes,  standards, 
and  guides  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI). 

2.  American  Society  ot  Mechanical  Engineers  (ASME). 

3.  American  Society  for  Testing  and  Materials  (ASTM). 

4.  American  Welding  Society  (AWS). 

5.  Manufacturers  Standardizat ion  Society  of  the  Valve  and  Fittings  Industry 
(MSS). 
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6.  Pipe  Fabrication  Institute  (PFI). 

7.  Occupational  Safety  and  Health  Adainistration  (OSHA). 

8.  Instruaient  Society  of  Anerica  (ISA). 

1.3.2  Design  Paraaetera 

1.3.2. 1 Saaple  operating  pressures  and  teaperatures  at  full  unit  load  are  as 
follows: 


Teoqierature 

Pressure 

Source 

OF 

psig 

AE-1 

Condenser  Hotwell 

101 

1-5"  Hg  Abs 

AE-2 

Condensate  Pump  Discharge 

101 

100 

AE-3 

Condensate  Demin.  Outlet 

101 

50 

AE4A.4B 

H.P.  Heater  Drains 

369 

155 

AE-5 

BFW  Booster  Pump  Discharge 

215 

235 

AE-6 

BFW  Pump  Suction 

303 

200 

AE-7 

H.T.  Economizer  Inlet 

450 

2270 

AE-8 

Combustor  FV  Inlet 

530 

2270 

AE-9 

Radiant  Boiler  Inlet 

637 

2270 

AE-10 

Drum  Steam 

637 

2000 

AE-11 

Boiler  Blowdown 

637 

2000 

AE-12 

Main  Steam 

1005 

1900 

AE-13 

Cold  Reheat  Steam 

650 

435 

AF.-14 

Hot  Reheat  Steam 

1000 

415 

1. 3. 2. 2 Design  pressures  and  temperatures  of  the  sampling  equipment  up  to 
the  first  shutoff  valve  on  the  Primary  Cooler  Rack  are  the  saaie  as  those  for 
the  system  from  which  the  sample  is  taken. 

1. 3. 2. 3 Sample  flows  are  in  the  range  of  200  to  1000  cc/min.  depending  on 
the  type  of  analysis  required  and  the  manufacturer's  recommended  flow  for  each 
specific  flow  cell  or  analyzer. 

1.3. 2. 4 The  Secondary  Cooler  system  is  designed  to  maintain  i.  constant 
sample  temperature  of  77"F  i I°F  to  avoid  the  use  of  temperature  compensators 
and  assure  accuracy  of  measurement.  A chilled  water  unit  is  required  to 
accomplish  this. 

1.3. 2. 5 Sample  flow  velocity  is  to  be  maintained  at  2 ft/min.  minimum  to 
prevent  settling  of  suspended  iron  in  sample  tubing. 

1.3.2.f>  Design  temper.iture  for  Closed  Cycle  Cooling  Water  is  85®F. 

2 . 0 DESIGN  DESCR 1 PTION 

The  Sampling  System  consists  of  the  following  major  components: 

1.  Sampling  Rack 

2.  Recorder-Analyzer  Panel 
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3.  Prinary  Cooler  Rack 

4.  Chiller  Unit 

5.  Condenser  Saispling  Punps. 

These  are  described  in  Section  2.2. 

2.1  SUMMARY  DESCRIPTION 

Condensate,  feedwater,  heater  drains,  steam  and  blowdown  samples  are  conveyed 
in  sta..nless  steel  tubing  to  a Primary  Cooler  Rack.  They  are  cooled  to  the 
llO^F  to  120**F  range  using  Closed  Cycle  Cooling  Water.  Samples  above  200  psig 
are  reduced  in  pressure  through  pressure  reducing  devices. 

The  samples  are  then  conveyed  to  a Sampling  Rack  where  they  are  further  cooled 
to  a constant  temperature  of  77**F.  A sample  chiller  unit  is  provided  to 
accomplish  this  secondary  cooling.  The  samples  are  maintained  at  a constant 
pressure  and  directed  to  pH  and  conductivity  flow  cells  mounted  on  the 
Sampling  Rack.  Provision  is  also  made  to  obtain  grab  samples  for  laboratory 
analysis . 

Samples  which  require  continuous  automatic  analysis  and  recording  are  conveyed 
after  cooling  to  the  Recorder-Analyzer  Panel.  Analyzers  are  provided  to 
measure  sodium,  dissolved  oxygen,  silica,  and  hydrazine  from  the  appropriate 
samples  as  shown  on  the  fluid  system  diagram.  Samples  are  collected  and 
drained  to  the  plant  drain  system. 

Condenser  samples  under  vacuum  are  collected  and  pumped  to  the  Sampling  Rack. 
These  are  continuously  monitored  for  cation  conductivity  and  sodium  to  detect 
any  condenser  tube  leakage. 

Pressure  and  temperature  indicators  are  provided  to  make  sure  that  pressure 
and  temperature  reductions  are  accomplished  as  required.  Flow  indicators  are 
used  to  set  flow  rates  to  cells  and  analyzers  as  recommended  by  equipment 
suppliers.  Relief  valves  are  provided  in  both  the  high  and  low  pressure 
section  of  the  sampling  lines  in  the  event  of  inadvertent  closing  of  certain 


valves . 

2.2 

DETAILED  DESCRIPTION 

2.2.1 

Major  Equipment 

2.2.  1 . 1 

Primary  Cooler  Rack 

One  Primary  Cooler  Rack  is  furnished  which  is  free-standing  and  floor-mounted. 
The  rack  has  mounted  on  it  the  sample  inlet  isolation  valves,  primary  coolers, 
pressure  reducing  devices,  temperature  and  pressure  indicators.  Blowdown 
valves  are  furnished  to  flush  the  sample  to  waste  before  using  for  analysis. 
The  rack  is  completely  assembled. 
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2.2. 1.2  Sampling  Rack 

The  Sampling  Rack  contains  the  constant  temperature  secondary  coolers,  pH  and 
conductivity  cells  and  indicators,  temperature  and  pressure  indicators,  grab 
sample  tubing,  pressure  regulating  valves,  and  relief  valves.  It  is 
completely  assembled,  wired  and  piped  on  a self  supporting  welded  steel  frame. 
All  sample  tubing  is  stainless  steel. 

2.2. 1.3  Recorder-Analyzer  Panel 

The  Recorder-Analyzer  Panel  is  enclose!  and  of  all  welded  construction. 
Recorders  and  analyzers  are  flush  mounted  on  the  panel  with  flow  indicators 
for  sample  flow  rate.  The  panel  is  completely  shop  assembled,  wired  and  piped 
with  hinged  access  doors  in  the  rear.  All  wiring  terminates  at  conveniently 
located  terminal  blocks. 

The  following  recorders  and  analyzers  are  furnished.  They  will  be  described 
more  fully  after  purchase. 

1.  Conductivity  Recorder-Controller  for  BFW  Booster  Pump  Discharge  sample  to 
control  pump  stroke  automatically  for  ammonia  feed.  (Conductivity  is 
used  for  pH  control). 

2.  Hydrazine  Recorder  - Controller  for  H.T.  Economizer  Inlet  saaq>le  to 
control  pump  stroke  automatically  for  hydrazine  feed. 

3.  Multipoint  recorders  for: 

a . pH 

b.  Conductivity 

c.  Silica 

d.  Dissolved  Orygen 

A.  Automatic  Continuous  Analyzers  for 

a.  Sodiiun  (2) 

b.  Silica  (3) 

c.  Dissolved  Oxygen  (3) 

d.  Hydrazine  (1) 

The  recorders  will  be  ..rnished  with  alarm  contacts  as  required  and  will  be 
connected  to  an  annunciator  on  the  panel  indicating  which  sample  is  alarmed. 

A Common  alarm  will  be  transmitted  to  the  main  control  room  indicating 
"Sampling  System-Trouble". 

Switches  with  red  and  green  lamps  will  also  be  provided  to  operate  the 
Condenser  Sampling  Pumps  and  chiller  unit. 

2.2.1. A Sample  Chiller  Unit 

The  Sample  Chiller  unit  is  water  cooled  and  provides  chilled  water  to  the 
secondary  coolers  so  as  to  maintain  a constant  sample  temperature  at 
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77*F  t 1”F  for  analysis.  The  chiller  unit  includes  a refrigeration  coapressoc 
and  circulating  water  puaq>  for  the  chilled  water.  Teaperature  controls  are 
included  to  aaintain  a constant  saaple  outlet  teaperature  froa  the  secondary 
coolers. 

2. 2. 1.5  Condenser  Saapling  Puaps 

Two  100  percent  Condenser  Saapling  Puaps  are  provided.  These  are  diaphragm 
type  positive  displaceswnt  puaps  suitable  for  full  vacuum  service.  The 
capacity  of  each' puaq>  is  sufficient  to  provide  sample  flow  for  analysis  of 
conductivity , sodium  and  a grab  saaple.  The  pump  construction  is  of  stainless 
steel.  Pulsation  dampeners  are  provided  to  ainiaize  excessive  pressure 
fluctuations . 

2.2.2  Piping  and  Valves 

Saaple  tubing  is  304  stainless  steel  ASTH  A213  with  socket  weld  couplings  and 
fittings  above  300  psig  and  compression  type  fittings  under  300  psig.  Valves 
in  the  high  pressure  samples  up  to  the  Saapling  Rack  are  rated  the  sasM  as  the 
system  from  which  the  saaple  is  taken.  Valves  in  the  low  pressure  part  of  the 
sampling  tubing  are  stainless  steel  with  tubing  ends. 

2.2.3  Electrical 

Pump  motors  are  460  volt,  3 phase,  60  Hz  with  power  supplied  from  the  480  volt 
motor  control  centers.  Controls,  analyzers,  recorders  and  solenoid  valves 
will  be  coordinated  with  instrumentation  power  sources. 

2.2.4  Instruments,  Controls,  and  Alarms 

These  are  covered  under  the  Recorder-Analyzer  Panel.  Description  in  Section 

2.2.1. 

3.0  SYSTEM  PROTECTION  AND  SAFE~n  DEVICES 

3.1  PROTECTIVE  DEVICES 

Relief  valves  are  provided  for  high  pressure  and  low  pressure  relief  in  case 
of  accidental  valve  operation  for  each  of  the  samples. 

The  Condenser  Sampling  Pumps  are  provided  with  internal  relief  in  case  of 
accidental  valve  operation  on  the  discharge  piping. 

Blowdown  valves  are  provided  on  the  Primary  Cooler  Rack  to  flush  initial  dirty 
samples  to  waste  before  allowing  the  sample  to  enter  sensitive  measuring  cells 
and  analysis  elements. 

3.2  HAZARDS 

Major  hazards  consist  of  dangers  involved  with  high  temperature  samples  at  the 
sampling  equipment  and  the  possibility  of  a high  temperature  - high  pressure 
fluid  leak.  If  any  leakage  of  high  pressure  - high  temperature  fluid  occurs. 
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the  sample  should  be  turned  off  and  the  leaking  joint  reported  for  maintenance 
and  repair.  Insulation  is  to  be  provided  where  personnel  might  accidentally 
come  in  contact  with  high  temperature  saoiple  equipment. 

3.3  PRECAUT10N.S 

Hake  sure  cooling  water  is  flowing  through  the  Primary  Coolers. 

High  pressure  samples  have  pressure  reducing  devices  to  take  pressure  drop 
instead  of  using  a valve,  thus  minimizing  damage  to  the  valve  disc  and  seat. 
Valves  downstream  of  the  pressure  reducing  device  should  not  be  closed  unless 
the  sample  inlet  valve  is  closed  first.  A safety  valve  is  provided  to  relieve 
pressure  in  the  event  this  condition  inadvertently  occurs. 

The  closed  cooling  cycle  associated  with  the  package  chiller  unit  should  be 
completely  filled  before  starting  the  chiller. 

Refer  to  the  chiller  manufacturer's  instructions  for  precautions  prior  to 
starting.  Items  to  be  checked  are  refrigerant  valves,  condenser  cooling  water 
flow,  chilled  water  pump  operation,  and  power  supply. 

4.0  MODES  OF  OPERATION 

4 . 1 STARTUP 

4.1.1  All  sampling  root  valves  are  to  be  open  where  the  sample  originates. 

4.1.2  Cooling  water  to  the  primary  coolers  is  to  be  turned  on  by  opening 
appropriate  valves. 

4.1.3  Makeup  water  supply  to  the  chilled  water  closed  cooling  system  is  to 
he  turned  on  by  opening  appropriate  valves. 

4.1.4  Start  sample  chiller  unit  in  accordance  with  the  manufacturer's 
instructions.  Set  initial  chilled  water  temperature  to  50®F-60®F.  This  can 
be  reset  as  required  to  give  77®F  sample  temperatures  out  of  the  secondary 
coolers . 

4.1.5  Blowdown  the  samples  to  waste  at  the  Primary  Cooler  Rack.  Close 
blowdown  valve  when  the  appearance  of  the  sample  stabilizes. 

4.1.6  Open  the  valves  which  allow  samples  to  flow  through  the  secondary 
coolers  and  for  grab  samples.  All  other  valves  to  measuring  cells  and 
analyzers  are  to  be  closed. 

4.1.7  Sample  bottles  for  laboratory  analysis  should  be  available,  properly 
cleaned  and  labeled. 

4.1.8  Instrument  an  is  to  be  available  for  the  Recorder-Analyzer  Panel 
and  any  other  pneumatic  controllers. 
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4.2  NORMAL  OPERATION 

4.2.1  Open  the  sample  inlet  valves  at  the  top  of  the  sasq>ling  rack.  Allow 
each  sample  line  to  purge  itself  through  the  open  grab  sample  valve,  into  the 
sampling  sink  and  to  waste.  This  should  be  done  for  a minimum  of  one-half 
hour. 

I 4.2.2  When  purging  of  the  sampling  line  is  complete,  start  to  open  valves 

which  allow  the  samples  to  flow  through  the  conductivity  and  pH  cells, 
dissolved  oxygen,  hydrar.ine,  sodium  and  silica  analyzers.  Adjust  flow  rates 
to  these  instruments  in  accordance  with  manufacturer's  instructions. 

S 

I 4.2.3  The  inlet  sample  valves  for  samples  having  pressure  reducing 

elements  should  be  opened  wid.;  to  allow  the  pressure  drop  to  be  taken  across 
the  pressure  reducing  device. 

4.2.4  It  is  desirable  to  have  grab  samples  running  continuously  in  order 
to  increase  sample  velocities,  thereby  decreasing  lag  time.  Grab  samples  to 
the  sink  should  be  reclaimed  whenever  possible. 

4.2.5  All  samples  which  are  being  continuously  recorded  are  to  be  checked 
periodically  by  laboratory  analysis  to  determine  whether  indicated  and 
recorded  valves  are  reliable. 

4.2.6  Cation  conductivity  will  be  recorded  normally  except  for  boiler 
blowdown  and  BFW  booster  pump  discharge.  These  two  samples  will  be  recorded 
for  normal  conductivity.  The  cation  exchangers  upstream  of  conductivity  cells 
will  remove  ammonia  and  thus  eliminate  the  increased  conductivity  effect  of 
this  chemical  additive.  If  conductivity  increases  above  normal  readings,  it 
must  be  determined  whether  the  cycle  is  being  contaminated  or  whether  the 
cation  exchanger  resin  needs  regeneration.  Regeneration,  when  required, 
should  be  done  in  accordance  with  manufacturer's  instructions. 

4.2.7  Open  all  condenser  sampling  valves,  Sampling  Pump  suction  valves  and 
the  sample  return  valves  for  priming  oi  e pump.  Start  the  Sampling  Pump.  When 
flow  is  established,  open  the  valves  at  the  sampling  rack  to  allow  flow  for  a 
grab  sample.  Close  the  sample  return  valve  to  the  condenser.  When  the  sample 
clears,  allow  it  to  enter  the  conductivity  cell  and  sodium  analyzer. 

4 . 3 SHUTDOWN 

The  sampling  system  can  be  shutdown  for  maintenance  of  individual  cells, 
cation  exchangers,  instruments,  or  valves  by  closing  the  first  inlet  valve  at 
the  sampling  rack.  It  is  recommended  that  the  root  valves  also  be  closed  when 
performing  maintenance. 

The  complete  system  can  be  shutdown  in  accordance  with  the  following 
procedures : 

Close  all  sample  rack  inlet  valves  and  root  valves. 
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Stop  the  condenser  sample  pumps. 

Close  cooling  water  inlet  and  outlet  valves  at  the  primary  cooling  coil 
rack  as  well  as  sample  inlet  valves  at  this  rack. 

Switch  off  the  sample  chiller  unit. 

Switch  off  all  analyzers  and  recorders. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

4.4.1  An  alarm  indicating  condenser  hotwell  high  cation  conductivity  or 
sodium  may  occur.  If  a significant  increase  is  noted,  all  valves,  except  one, 
are  closed  at  the  condenser,  and  that  sample  is  analyzed.  Each  valve  is 
individually  opened  and  closed  in  a like  manner  until  there  is  a continuous 
indication  of  contamination  from  cooling  water.  This  procedure  helps  in 
locating  the  approximate  area  where  a condenser  tube  or  tube  sheet  is  leaking. 

4.4.2  There  may  be  times  when  it  is  desirable  to  record  Condensate  Demin. 
Outlet  sodium  and  Main  Steam  silica.  These  are  piped  as  alternate  samples  at 
the  Recorder-Analyzer  Panel.  Close  the  valve  for  the  normal  samples  to  the 
analyzers  and  open  the  valves  allowing  the  afore-mentioned  samples  to  enter 
the  respective  sodium  and  silica  analyzers. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

The  Sampling  System  requires  operator  attention  each  day.  Operators  should 
periodically  check  the  sampling  equipment  to  make  sure  of  the  following: 

1.  Samp>les  are  being  cooled  to  the  required  temperatures. 

2.  Samples  are  being  reduced  in  pressure  to  the  required  ranges. 

3.  Sample  flows  are  set  properly  and  being  maintained. 

4.  Analyzers  and  recorders  are  functioning  properly. 

5.  Sample  chiller  unit  is  operating  to  maintain  secondary  cooler  samples  at 
77°F. 

6.  Condenser  sampling  pump  is  pumping  adequate  sample  flow  to  the  Sampling 
Rack . 

7.  There  should  be  no  significant  leakages  of  sample  at  the  sampling 
equipment  area. 

5.2  IN.SERVICE  INSPECTION 

Pumps,  valves,  piping,  sample  chiller  unit,  instruments,  recorders  and 
analyzers  shall  be  inspected  periodically  during  system  operation  to  ascertain 
that  the  system  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

Maintenance  instructions  can  be  found  in  the  individual  manufacturer's 
instructions  and  should  be  followed  on  a scheduled  basis. 
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Sone  items  which  will  require  regular  maintenance  are: 

1.  Cleaning  and  calibration  of  pH  and  conductivity  cells. 

2.  Replacing  of  cation  resin  charges  and  regenerating  the  exhausted  resin. 

3.  Cleaning  critical  items  in  the  automatic  analyz.-rs,  recalibrating,  and 
refilling  reagents  where  used. 

4.  Cleaning  out  pressure  reducing  devices. 

5.  Refilling  recorder  ink  supplies  as  required. 

6.  Maintaining  the  chiller  as  per  manufacturer's  instructions. 

5.4  CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to  guide 
the  plant  personnel  in  maintenance  and  overhaul  of  any  piece  of  equipment.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipment. 

5.4.2  Spare  Parts  Inventory 

The  manufacturers  will  supply  lists  of  recommended  spare  parts.  Critical 
parts  will  be  kept  in  inventory  at  the  plant.  Complex  parts  requiring  long 
lead  time  for  delivery  will  be  included  in  the  plant  inventory. 
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1.0  FUNCTION  AND  DESIGN  REQUIREHENTS 

This  document  presents  a description  of  the  Circulating  Water  System  as 
depicted  on  Fluid  System  Diagram  8270-1-571-302-201,  Circulating  and  Service 
Water.  The  document  includes  descriptions  of  system  functions,  interfaces 
with  other  systems,  equipment  and  piping  requirements,  design  criteria, 
components,  operating  modes,  safety  and  maintenance  requirements. 

1.1  FUNCTIONAL  REQUIREMENTS 

The  Circulating  Water  System  is  designed  to  supply  cooling  water  for  the  main 
steam  condenser,  three  turbine  drive  condensers,  and  power  plant  heat  exchangers. 

1.2  SYSTEM  INTERFACES 

Major  equipment  involved  with  the  Circulating  Water  System  include  the 
Cooling  Tower  complex,  the  Circulating  Water  puaips,  the  Service  Water 
pumps,  the  Air  Separation  Unit  (ASU)  aftercooler  Cooling  Water  pumps, 
the  plant  heat  exchangers,  piping,  valves,  and  controls.  The  plant  heat 
exchangers  (closed  cycle  coolers  and  the  four  steam  surface  condensers) 
interface  directly  with  the  Circulating  Water  System.  Other  indirect 
interfaces  with  the  system  are  as  follows: 

Steam  turbine  exhausts 

Closed  Cycle  cooling  water 

Cooling  Tower  makeup 

Cooling  Tower  blowdown 

Cooling  Tower  chemical  treatment 

Sampling 

ASU  air  compressor  cooling 

Cooling  tower  blowdown  is  taken  from  the  discharge  side  of  the  circulating 
water  pumps.  The  rate  is  determined  by  the  water  chemistry  and  discharge 
regulations.  Blowdown  is  normally  discharged  to  a holding  pond  or  used 
in  the  Slag  Management  System. 

Cooling  tower  makeup  is  supplied  from  the  raw  water  supply  header  which 
is  a part  of  the  Plant  Makeup  Water  System. 

1.3  DESIGN  CRITERIA 

Design  criteria  cover  the  fluid  flow  requirements,  pressure/ temperature 
ratings,  and  system  limits  to  be  used  in  the  selection  of  the  required 
components.  Engineering  design  criteria  are  in  accordance  with  applicable 
codes,  standards,  regulations,  and  guides  issued  by  governmental  agencies, 
recognized  standards  organizations,  and  Gilbert  Associates,  Inc. 

1.3.1  Codes  and  Standards 

System  engineering  design  is  in  accordance  with  applicable  rodes,  standards,  and 
guides  issued  by  the  following  organizations: 

1.  American  National  Standards  Institute  (ANSI) 
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2.  American  Society  of  Mechanical  Engineers  (ASHE) 

3.  American  Society  for  Testing  and  Materials  (ASTM) 

U.  Asierican  Welding  Society  (AWS) 

5.  Manufacturers  Standardization  Society  of  the  Valve  and  Fitting  Industry 
(MSS) 

6.  Pipe  Fabricators  Institute  (PFI) 

7.  Occupational  Safety  and  Health  Administration  (OSHA) 

8.  Instrument  Society  of  America  (ISA) 

9.  National  Fire  Protection  Association  (NFPA) 

10.  Heat  Exchange  Institute  (HEI) 

1.3.2  Design  Parameters 

The  design  pressures,  temperatures,  and  pipe  sizing  flow  rates  are  taken  from  the 
system  heat  balance  diagram  and  tabulated  on  the  Fluid  System  Diagram 
8270-1-571-302-201.  Flow  rates  are  those  occurring  with  main  steam  turbine 
valves  wide  open  and  with  the  Heat  Recovery/Seed  Recovery  (HR/SR)  steam 
outlec  at  maximum  continuous  rating  conditions.  Water  pipe  sizing  is  based 
on  pressure  drop  which  is  an  engineering  judgement  with  reasonable  water 
velocities.  Water  velocity  is  limited  to  10  feet  per  second. 

The  design  pressure  within  all  pumping  systems  is  based  upon  pump  shutoff 
head  and  pressure  transients.  For  the  Circulating  and  Service  Water  pumps 
the  operating  pressure  is  the  head  required  to  lift  the  water  to  the  height 
needed  by  the  cooling  tower  complex  plus  pipe  friction  throughout  the  system 
at  maximum  flow.  For  the  ASU  cooling  pumps  the  operating  pressure  is  the 
head  required  to  inject  water  into  the  eftercooler  (which  is  a closed  pressure 
vessel  at  60  psig)  and  to  lift  the  water  exiting  to  the  height  required  by 
the  cooling  tower  plus  pipe  arJ  valve  friction. 

2 . 0 DESIGN  DESCRIPTION 

The  Circulating  Water  System  consists  of  a mechanical  draft  cooling 
tower  complex  with  concrete  basins  and  flume,  pump  intake  water  screens, 
three  circulating  water  pumps,  three  service  water  pumps,  heat  exchangers, 
two  ASU  aftercooler  pumps,  piping,  valves,  and  controls. 

2.1  SUMMARY  DESCRIPTION 

The  circulating  water  flow  path  is  from  the  cooling  tower  complex,  (two  4-cell 
mechanical  draft,  crossflow  units)  into  a flume,  through  fixed  intake  water 
screens  to  the  suctions  of  vertical  circulating  water  pumps.  The  circulating 
water  pumps  deliver  cold  water  to  steam  surface  condensers,  where  the  water 
picks  up  heat  from  the  condensers  and  then  delivers  it  to  an  elevated  position  on 
the  cooling  towers.  The  hot  water  is  sprayed  over  cooling  tower  trays 
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where  it  flows  by  gravity  to  the  basins.  Heat  frosi  the  water  is  exchanged 
by  partial  evaporation  and  contact  with  the  air  drawn  into  the  cooling 
towers  by  fans.  The  basins  collect  the  cooled  water  and  the  flune 
delivers  it  to  the  puops. 

The  service  water  pumps  take  their  suction  from  the  same  source  as  the 
circulating  water  pumps.  Cold  service  water  is  delivered  to  the  plant  closed 
cycle  cooling  system  heat  exchangers.  The  closed  cycle  heat  exchangers  interface 
with  a demineralized  water  system  for  critical  equipment  cooling.  Hot 
service  water  is  returned  to  the  cooling  towers. 

The  ASU  ai.*  conipressor  aftercooler  cooling  water  pumps  take  their  suction 
from  the  Service  Water  System  discharge  header  through  duplex  filters.  One 
full  capacity  pump  is  normally  operated  to  discharge  cold  water,  at  80  psig, 
to  the  aftercooler.  The  aftercooler  is  an  air/water  spray  contact  type 
unit  wherein  the  water  picks  up  heat  from  the  compressed  air  stream  by  direct 
contact.  The  heated  water  falls  to  a sump  at  the  bottom  of  the  aftercooler 
and  is  discharged  through  a control  valve  directly  to  the  cooling  tower 
complex. 

2.2  DETAILED  DESCRIPTION 

2.2.1  Major  Equipment 

Major  components  of  the  Circulating  Water  System  are  the  cooling  tower 
complex,  circulating  and  service  water  pumps,  aftercooler  puaips,  and 
plant  heat  exchangers.  The  heat  exchangers  are  described  in  interfacing 
system  descriptions  as  covered  in  Section  1.2. 

2. 2. 1.1  Cooling  Towers 

The  cooling  towers  are  mechanical  draft,  cross-flow  types  arranged  as 
two  parallel  units  of  four  cells  each.  Each  cell  is  a single  cooling 
tower  entity,  and  consists  of  a structure  to  house  side  louvers,  water 
trays,  water  distribution  pipe  header  system,  and  a geared,  slow  speed  fan 
mounted  on  top.  The  components  are  located  above  a part  of  the  concrete 
basins.  Air  is  drawn  in  horizontally  on  each  side  through  louvers  and 
moves  up  through  the  hot  water  spray  and  out  the  top  by  means  of  fans.  The 
hot  water  (delivered  by  pipe  risers  from  the  condensers  and  heat  exchangers) 
discharges  to  a header  system  on  the  top  or  fan  deck  of  the  cooling  towers. 

The  hot  water  is  sprayed  downward  into  trays.  The  water  is  cooled  by  latent 
and  sensible  beat  transfer  to  the  air.  Cooling  tower  materials  are  non- 
combustible and  suitable  for  the  water  chemistry  involved.  Cooling  tower 
isolation  valves  are  provided  to  bypass  a percentage  of  the  hot  water  during 
cold  weather  to  prevent  icing  conditions.  Each  cell  may  be  isolated  for 
servicing  if  required  at  any  time. 

The  performance  of  the  total  cooling  tower  complex  is  based  on  a heat  input 
of  1,100  million  Btu/hr,  or  cooling  96,000  gpm  of  circulating  and  service 
water  from  92®F  down  to  69*F  with  an  ambient  wet-bulb  temperature  of  59®F. 
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Each  of  the  two  4-cell  cooling  tower  units  will  be  approxiaately  125  feet 
long  by  75  feet  wide  and  50  feet  high.  Each  cooling  tower  fan  will  be 
driven  by  a 200  hp  0K>tor. 

2. 2. 1.2  Circulating  Water  Puaips 

The  circulating  water  puraps  are  three  50  percent  capacity  units.  They 
take  their  suction  fron  the  flume  after  the  water  screens  and  discharge 
cold  water  to  the  steam  surface  condensers  through  a suitable  pipe 
header  system. 

Pump  type  Vertical,  mixed  flow,  submerged  suction 

No.  of  stages  2 

Capacity  40,000  gpm 

TDH  60  feet 

Brake  horsepow<.r  (§80%  eff.)  758 

Motor  horsepower  800 

Motor  Power  Supply  4160  V,  3ph,  60  Hz 

Pump  Materials: 

Discharge  column 
Drive  shaft 
Stuffing  box 
Discharge  bowl 
Impeller 
Suction  bell 
Bearings 

2.2. 1.3  Service  Water  Pumps 

The  three  service  water  pumps  are  similar  to  the  circulating  water  pumps, 
but  are  smaller  in  capacity  and  physical  size.  They  discharge  cold  water 
to  the  closed  cycle  coolers,  and  ASU  pumps. 


Fabricated  steel 

Alloy  steel 

Cast  iron 

Cast  iron 

Cast  iron 

Cast  iron 

Rubber  and  bronze 


I’ump  type 
No.  of  stages 
Capacity 
TDH 

Brake  horsepower  (§80%  eff.) 
Motor  horsepower 
Motor  power  supply 

Pump  Materials: 

Discharge  column 
Discharge  shaft 
Stuffing  box 
Discharge  bowl 
Impeller 
Suction  bell 
Bearings 


Vertical,  mixed  flow 
2 

8000  gpm 
60  feet 

149 

150 

460  V,  3 ph,  60  Hz 


Fabricated  steel 

Alloy  steel 

Cast  iron 

Cast  iron 

Cast  iron 

Cast  iron 

Rubber  and  bronze 
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2. 2. 1.4  ASU  Aftercooler  Pumps 

The  ASU  aftercooler  cooling  water  pumps  are  two  100  percent  capacity  units. 
They  take  suction  from  the  service  water  discharge  header  and  pump  to  higher 
pressure  into  the  pressurized  aftercooler,  cooling  the  ASU  air  compresser 
throughput  by  means  of  spray  evaporation  and  contact. 


Pump  type 

Capacity 

TDH 

Discharge  pressure 
Suction  pressure 
Brake  horsepower  (0  80%  eff. 
Motor  horsepower 
Motor  Power  supply 

Pump  Materials: 

Casing 

Shaft 

Shaft  sleeves 
Stuffing  box 
Impeller 
Bearings 


Horizontal  centrifugal 

1000  gpm 

140  feet 

80  psig 

20  psig 

45 

50 

460v,  3 ph,  60  Hz 


Cast  iron 
SAE-4340 
SAE-1103 
SAE-1000 
Cast  iron 

Steel-roller  bearings 


2.2.2  Piping  and  Valves 

Motor  operated  butterfly  valves  and  expansion  joints  are  provided  at  the  pump 
discharges  and  the  inlet  and  outlet  of  each  condenser.  The  valves  at  the  pump 
discharges  and  makeup  and  blowdown  valves  are  the  only  valves  used  for 
operation  and  control  of  the  system.  Condenser,  cooling  tower  and  heat 
exchanger  valves  are  used  for  isolation.  The  circulating  and  service  water 
pump  valves  are  interlocked  with  the  pump  motors  so  that  opening  of  the 
valves  intiates  pump  startup  at  a predetermined  valve  opening  point. 

All  valves  are  designed  in  accordance  with  ANSI  B16.34.  The  p'ping 
will  be  welded  steel  with  weld*'d  joints  in  accordance  with  ANSI  B31.1. 

Piping  materials  will  be  carbon  steel  in  accordance  with  ASTM, 

A53  Grade  B or  A155  Class  1 Grade  C55  or  equal.  Valve  materials  are  compatible 
with  pipe  materials. 


2.2.3  Electrical 


Pump  motors  are  controlled  through  electrical  switch  gear  and  motor 
control  centers.  The  fan  motors  are  controlled  through  motor  control 
centers.  Motor  operated  valves  have  motor  control  centers  and/or  power 
supplies . 

2.2.4  Instruments,  Controls,  and  Alarms 

The  Circulating  Water  System  is  provided  with  appropriate  instrumentation 
for  sensing  water  pressure  and  temperature  at  points  commensurate  with 
good  design  practice  to  monitor  system  performance.  The  circulating  and 
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service  water  pump  discharge  valves  are  interlocked  with  the  pump  motor 
starting  circuits.  A bubbler  system  warns  of  excess  pressure  drop 
across  the  pump  intake  screens.  The  system  will  be  monitored  by  the 
plant  operators,  plus  the  computer  system  to  keep  a running  operational 
check  of  water  tesiperature  and  pressure. 

Pressure  indication  is  provided  on  all  pump  discharges  and  at  heat  exchanger 
inlets  and  outlets.  Differential  pressure  is  sensed  and  alarmed  across 
the  duplex  strainer  and  filter. 

Temperature  indication  is  provided  on  the  inlets  and  outlets  of  all  heat 
exchange  equipment. 

Pressure  and  temperature  test  points  are  provided  throughout  the  system. 

Cooling  tower  flume  le.^1  is  transmitted  and  alarmed  to  the  main  control  room. 

3.0  SYSTEM  PROTECTION  AND  SAFETY  PRECAUTIONS 

3.1  PROTECTIVE  DEVICES 

The  motor  and  valve  interlocks  for  the  circulating  and  service  water 
pumps  protect  the  pumps  from  being  driven  in  reverse.  Each  heat  exchanger 
has  tube  side  relief  valves  on  the  water  boxes.  The  water  boxes  for  the 
condensers  have  air  relief  valves  for  over  pressure  protection  and  to 
prevent  air  binding. 

3 . 2 HAZARDS 

No  special  personnel  hazards  are  considered  to  exist  in  the  Circulating  Water 
System  beyond  those  normally  observed  in  conjunction  with  low  pressure  and 
temperature  piping.  The  motors  on  the  pumps,  fans  and  valve  drives  will  require 
protective  devices.  The  fans  will  require  protective  devices  for  the  rotating 
blades . 

3.3  PRECAUTIONS 

Exposed  pump  drive  shafts  will  have  guards  over  the  couplings  between 
motor  and  pump.  The  large  cooling  tower  fans  will  have  chimneys  surrounding 
each  fan  discharge.  Relief  valves  will  be  shielded  or  diverted  to  a 
safe  discharge  point. 

4.0  MODES  OF  OPERATION 

4.1  STARTUP 

The  startup  of  the  Circulating  Water  System  requires  no  special  procedures. 

The  raw  water  makeup  pumps  are  used  to  fill  the  basin  and  flume  with  water. 

One  SO  percent  circulating  pump  is  started  with  the  main  condenser 
valves  and  cooling  tower  valves  open.  The  second  pump  is  started  with 
the  mechanical  drive  turbine  condenser  water  valves  open.  The  system 
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is  trimmed  according  to  the  ambient  conditions  by  taking  out  cooling 
tower  cells  or  pumps.  The  service  water  pump  flow  is  less  and  they  c^n 
be  started  at  any  time.  The  ASU  cooling  pump  is  started  after  the  service 
water  pumps  are  in  operation. 

A. 2 NORMAL  OPERATION 

Normal  operation  is  to  have  two  50  percent  circulating  pumps  operating 
with  all  the  steam  surface  condensers  operating,  and  with  one  cooling 
tower  cell  shutdown.  Two  50  percent  service  water  pumps  will  be  operating 
in  conjunction  with  one  out  of  two  100  percent  closed  cycle  heat  exchangers 
and  the  plant  heat  exchangers  operating.  One  ASI]  cooling  pump  in  operation 
is  considered  normal. 

4.3  SHUTDOWN 

The  Circulating  and  Service  Water  System  is  essential  to  the  plant 
operation  and  cannot  be  shutdown  unless  the  topping  side  plant  is  down. 
Individual  components  may  be  replaced  on  line  by  redundant  components. 

Shutdown  of  a large  vertical  pump  requires  control  interlocks  with  the 
discharge  valve  to  prevent  reverse  rotation  of  the  pump. 

4.4  SPECIAL  OR  INFREQUENT  OPERATION 

The  main  steam  surface  condenser  is  designed  to  accept  a steam  dump 
(50  percent  of  main  steam  flow)  from  the  Steam  Bypass  and  Startup  System. 

In  the  dump  mode,  it  will  be  desirable  to  have  all  of  the  cooling  tower 
cells  in  service  to  remove  the  excess  heat. 

5.0  MAINTENANCE 

5.1  SURVEILLANCE  AND  PERFORMANCE  MONITORING 

Operating  personnel  will  record  direct  indicating  instruments  and  may  calculate 

performance  per  shift.  The  computer  may  be  arranged  to  constantly 
monitor  specified  points  to  give  a running  check  on  performance.  The 
indicating  measurements  would  be  used  as  a check  on  the  computer  readings. 

5.2  INSERVICE  INSPECTION 

All  the  equipment  listed  previously  shall  be  inspected  while  operating 
to  assure  they  are  physically  in  service:  pump  shafts  are  turning  and 

pressures  are  indicated;  fan  blades  are  turning  and  air  is  moving;  heat 
exchangers  feel  warm  to  the  touch;  and  water  level  gages  show  condensate 
in  the  condenser  hotwells.  Indicating  pressure  and  temperature  instruments 
will  monitor  the  performance  of  a piece  of  equipment  and  the  fact  that 
it  is  operating  properly. 

5.3  PREVENTATIVE  MAINTENANCE 

Computerized  record  keeping  will  be  instituted  to  alert  the  operating 
personnel  when  equipment  needs  overhaul,  repacking,  or  cleaning,  in 
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accordance  with  the  reconniendations  of  the  equipBent  Manufacturer.  In 
general,  parts  will  be  replaced  during  planned  shutdowns  when  they  are 
near  the  end  of  their  recoossended  life  cycles. 

5 . 4 CORRECTIVE  MAINTENANCE 

5.4.1  Manufacturer's  Instructions 

A complete  file  of  instruction  books  will  be  available  at  the  plant  to 
guide  the  plant  personnel  in  mcintenance  of  any  piece  of  equipoMnt.  If 
necessary,  a representative  of  the  manufacturer  can  be  present  to  supervise 
the  overhaul  or  replacement  of  plant  equipsient. 

5.4.2  Spare  Parts  Inventory 

Manufacturers  will  supply  lists  of  recommended  spare  parts.  Critical 
parts  and  parts  requiring  long  lead  (delivery)  times  will  be  kept  in 
inventory  at  the  plant. 
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Diagram  No. 
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Plant  Makeup  Water 
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Slag  Management 


Plant  Heat  & Flow  Balance  Diagram 
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